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1 Introduction

This contribution is for the following Email discussion:

[105#50][NR-U] RACH 4-step and SR (Oppo)


Intended outcome: Report, clarify agreements from SI, identify tentative “easy” agreements, and questions to be resolved


Deadline: Thursday 28/03/2019
Since SR and RACH are independent procedures, they are structured into two separate sections, which are section 2 and section 3.

The Email discussion is divided into two phases:

· Phase1: inputs and questions, deadline 2019-03-25;
· Phase2: summary review, deadline 2019-03-28;
2 Discussion for RACH
2.1 Msg1
2.1.1 PREAMBLE_TRANSMISSION_COUNTER
The LBT impact on PREAMBLE_TRANSMISSION_COUNTER has been discussed during study item phase but without consensus:
· Discuss at next meeting to decide on whether PREAMBLE_TRANSMISSION_COUNTER should always be increased independently on the outcome of LBT
In the current MAC specification, this counter is increased by 1 if UE does not receive RAR or beam failure response in RACH triggered by BFR before the ra-ResponseWindow is expired or if the Contention Resolution is considered not successful.
According to the paper submitted so far, there are different views on how to maintain this counter for NR-U:
· Option1: When LBT failure indication is received from the physical layer, this counter is increased by 1, which is discussed in R2-1900714.
· Option2: The counter is increased for the conditions defined in R15, e.g., R2-1901888, and R2-1901673.
· Option3: When MAC indicates the physical layer to send a preamble, no matter whether preamble is actually transmitted or not, this counter is increased by 1, as proposed in R2-1900233.
· Option4: When N consecutive number of preamble transmission are dropped due to LBT failure, this counter is increased by 1, as proposed in R2-1901785.
· Option5: Discuss it as part of the consistent UL LBT failure indication discussion
· Option 6: The counter is only increased if the preamble is transmitted, as RAN1 recommended.
It should be also be noted that currently RAN1’s recommendation on this counter is as follows:

If preamble transmissions are dropped due to LBT failure, then:
From a RAN1 perspective, it is recommended that preamble power ramping is not performed and that the preamble transmission counter is not incremented
Question 1: Which option(s) do you prefer regarding PREAMBLE_TRANSMISSION_COUNTER maintenance for NR-U? Please justify your answer if any.
	Company
	Option(s)
	Comments

	OPPO
	Option2
	We prefer to introduce a counter/timer to maintain the LBT failure due to any uplink transmission, which is in the scope of Email discussion 105#49, given this position, the condition of increment PREAMBLE_TRANSMISSION_COUNTER can be the same as the that in R15.

	Intel
	Option1 or Option 5
	This is related to the consistent UL LBT failure discussion. After the discussion, it is clear that there are 3 mechanisms on the table for doing UL LBT failure:

1. Based on existing counters and timers as in Option 1

2. Based on new LBT failure counters and timers for PRACH transmission

3. Based on new unified failure counters and timers for all UL transmissions

Our view is that we should discuss this as part of that discussion. 

As mentioned in our contribution, the purpose of the counter is to give a maximum attempts the UE can perform preamble retransmission within a RA procedure to avoid UE get stuck in the RA procedure due to poor RF conditions. For the case of LBT failure indication for preamble (re)transmission, LBT failure can be seen as another factor of poor RF condition (i.e. the channel load is very high).  Hence the UE should increment the PREAMBLE_TRANSMISSION_COUNTER. There is no need for new counter and timer for preamble transmission.
Note that in NR, power ramping counter may also be suspended (due to L1 indication) while preamble transmission counter is still incremented.  Maximum preamble transmission attempts always has to set larger than the maximum power-ramping attempts in order to ensure that the maximum UE TX power can be reached for preamble transmission. Another issue raised is that counter may reach its maximum quite quickly if the RACH occasion is configured shorter than the LBT backoff time. RAN 1 has agreed that the PRACH transmission will always use the lowest access priority class value (i.e. the backoff time is between 3 and 7 slot). This can be solved easily by network configuration to ensure that the periodicity of RACH Occasion of a SSB is not configured shorter than the maximum LBT backoff time for the LBT backoff for PRACH.  

	Nokia
	Option 6
	Option 1/3 seems to be quite similar, i.e. the counter is increased regardless of LBT result. And current wording of option 2 looks quite similar to option 1/3, but not correctly captured what was proposed in R2-1901888, R2-1901456. Added option 6: The counter is only increased if the preamble is transmitted without LBT failure as RAN1 recommended.

Increasing the counter regardless of whether the preamble is transmitted might complicate the parameter configuration for the NW and impact the system performance as LBT failure is unpredictable.  The counter is usually set taking into account the power ramping steps to ensure the UE can ramp to its maximum power when needed without compensating UL coverage, as well as avoid too many re-attempts at maximum power which causes high interference. 

Having some separate means for UL RLF seems to be more appropriate.

	Lenovo, Motorola Mobility
	Option 6
	Overall, we are aligned with the recommendation given by RAN1, i.e. the counter is not increased if the preamble is not transmitted due to LBT failure.

	InterDigital
	Option 6
	Options 1,2, and 3 are functionally the same (i.e. increment the counter regardless of LBT outcome for a preamble transmission attempt). 

We prefer RAN1’s recommendation to allow the UE a deterministic number of preamble transmissions (per preambleTransMax) before declaring RLF. This is reflected in our contribution R2-1901456, i.e. not Option 2 like what is suggested.

Sustained channel unavailability does not mean poor radio conditions, and thus can be addressed separately in the MAC discussion on consistent UL LBT Failures leading to RLF.

	Huawei, HiSilicon
	Option6
	We are fine to go with the RAN1's recommendation that the counter is not increased when LBT failure is indicated from PHY. Also, the decision on this is also dependent on our discussion on the handling of systematic LBT failure in the uplink. if such a mechanism is designed, there is less motivation to increment the counter when LBT fails. 

	Samsung
	Option 6
	Share Nokia's view.

	NEC
	Option 6
	agree with observations from Nokia

	ZTE
	Option 6
	We also agree with Nokia/Interdigital that options 1 and 3 result in similar behaviour. 

We think that it is important to ensure that RLF is not triggered unnecessarily (i.e. due to unnecessarily incrementing the counter and thereby reaching the max value). 

In order to ensure the above, the counter should only be incremented if the transmission actually takes place. Note that when LBT failure is indicated, the MAC will immediately attempt a retransmission of the RACH at the earliest available RO and if the ROs occur frequently, then, if the counter is incremented regardless of the LBT outcome (like in options 1 or 3), then the counter will count up very quickly (especially if the physical layer goes into backoff state – i.e. cat 4 LBT backoff – which can last for a few milliseconds). This then leads to RLF very fast (especially, when the ROs occur frequently – which is a separate design criterion). So, in order to shield the RACH procedure from unnecessary RLF (especially during the backoff state), it is necessary that LBT failures are excluded from the counter mechanism for RACH. So, option 6 is necessary to ensure this. 

	MediaTek
	Option6
	The timing of preamble transmission attempts after LBT failure could depend on the COT, LBT backoff and other factors that may not be visible in Layer2. It also depends on how the interaction between the MAC and physical layer is defined. If the MAC keeps on attempting preamble transmissions without any knowledge of COT or backoff time, and the counter is incremented for each attempt, the limit for the counter can be reached quite quickly, which might cause RLF.

Also, keeping in mind that the power ramping will not be performed if the transmission has failed because of LBT, the UE may not reach maximum transmission power if the counter is incremented for LBT failures.

Therefore, we think that the counter should only be incremented if the physical layer has performed the transmission, but not when LBT has failed.

The potential deadlock situation should be handled with a separate mechanism for handling systematic LBT failures.

	Spreadtrum
	Option6
	We prefer the RAN1’s recommendation to avoid the too early RLF which is caused by the preamble transmission attempts with failed LBT.
The consistent UL LBT Failures should be discussed separately.

	LG
	Option6 and Option4
	Basically, we are fine that the counter is increased only if the preamble is transmitted.
In NR-U, however, it should be ensured that the UE is not stuck in RA procedure even if the channel is busy and LBT continuously fails. In the meanwhile, it should be designed such that the UE does not freqeuntly trigger an unnecessary RLF even if the channel is busy and LBT continuously fails.

To resolve these issues, it can be considerd to increment the preamble transmission counter after a certain number of LBT failure. It allows UE to trigger an RLF mainly based on actual transmission of preamble and also prevents the UE from being stuck in RA procedure even when the channel is busy.

	Vivo
	Option 2/3
	From our understanding, option 2 and 3 are the same. We consider that if the counter does not increase due to LBT failure, the UE may encounter a deadlock of the RACH procedure.

	Xiaomi
	Option 6
	Agree with Nokia

	Charter Communications
	Option 5 or 6
	The increment of this counter is intended to give MAC an indication of a failure of the PRACH transmission, whereas with LBT failure no transmission has even occurred. Therefore, if the counter is increased even with LBT failure, it’d carry a indication of mixed events: the event of LBT failure, and the event of PRACH transmission failure. We believe, MAC should treat these events differently.

	Panasonic
	Option 6
	Agree with Nokia

	Ericsson
	Option 2
	in the existing MAC spec, the PREAMBLE_TRANSMISSION_COUNTER is incremented by one in either of two cases 
1) either RAR ra-ResponseWindow is expired while there is no RAR message is received 

2) or Contention Resolution not successful (can be either CR timer is expired while there is no Msg4 received or there is Msg4 received, however, the UE has failed to the contention resolution
it has been captured by the TR, that ra-ResponseWindow is only started in case a preamble transmission is started (i.e., LBT succeeds).
From this point of view, the increment of the counter would only happen in case a preamble transmitted is started. In other words, all options would end up as the same behavior if any further spec changes are based on this structure.

We think Option 2 is better, so that the RA procedure will not get stuck due to systematic LBT failures.

	Convida Wireless
	Option 6
	It is necessary to allow the same number of preamble transmissions and power ramping steps as is allowed in licensed operation in order to achieve similar random access procedure success rate as in licensed operation when occasional LBT failures occur. Additionally just setting preamble trans max to high value to compensate for occasional LBT failures will have undesirable consequences (i.e. more power/interference, longer time to declare RLF…).
Separate criteria can be introduced to handle consistent LBT failures to lead to declaring RLF when necessary.

	Apple
	Option6
	We share the view of Nokia and Interdigital, and prefer the RAN1 recommendation to avoid unnecessary RLF due to LBT failure. 

	Fujitsu
	Option 6 (?)
	We think the description of option 6 is not in line with what RAN1 recommended.

According to RAN1 recommendation, the intention for not incrementing counter when preamble is not transmitted is only due to LBT failure. While, in the current option 6, the reason is not differentiated. Even the reason is not LBT failure, the counter will not incremented. This is not in line with either RAN1 recommendation or what in Rel-15.

	ITRI
	Option 6
	Sustained channel unavailability does not mean poor radio conditions. The consistent UL LBT failures should be discussed separately.

	SONY
	Option 6
	We share the view of most companies

	Qualcomm
	Option 5
	If RAN2 develops a mechanism to handle persistent LBT failures, then we can indeed just rely on the existing MAC conditions (Option 2). However, if such a mechanism is not introduced, RACH problems due to LBT failures will never occur and we might have to go with Option 3. Our preference would be a separate handling for LBT failures so that the impact to existing MAC features is minimal. 

Also, we think that the intention of RAN1 agreement was on suspension of power ramping due to LBT failures. The handling of transmission counter is at MAC and should be primarily RAN2 responsibility.


Summary:23 companies provided views.
18 companies agree option 6, which is to align with the RAN1 recommendation, i.e., the counter is not increased if the preamble is not transmitted due to LBT failure. 
3 companies agree option 2, which is to not change the conditions defined in current MAC specification. Among these 3 companies, 1 company think option 3 is the same with option 2 thus is also ok for option 3.
1 company support option 1 but also ok to option 5;

1 company supports option 5 and think it can be up to the decision on whether developing a separate mechanism to handle persistent LBT failure.

It should be noted that during the Email discussion, some companies raised the concern that there are some commonalities among option 1, 3 and 4, and think they can be grouped into the following:

· Alt1 (Option1,3,4): The counter is increased regardless of LBT outcome for a preamble transmission attempt, how it’s increased is FFS;
· Regarding option 2, Rapporteur thinks keeping the current conditions is not against with RAN1 recommendation. But it’s open to discuss how to capture the option 6 in the MAC specification.

Besides, in order to exactly reflect the RAN1 recommendation, the wording of option 6 “The counter is only increased if the preamble is transmitted” is change to “The counter is not increased if the preamble is not transmitted due to LBT failure”
Based on the majorities, it’s proposed:
Proposal 1 The PREAMBLE_TRANSMISSION_COUNTER is not increased if the preamble is not transmitted due to LBT failure, as RAN1 recommended. How to capture it in the MAC specification is FFS.
2.1.2 PREAMBLE_POWER_RAMPING_COUNTER
Regarding PREAMBLE_POWER_RAMPING_COUNTER, as agreed in the study item phase:

· Power ramping is not applied when preamble is not transmitted due to LBT failure.
As also captured in TR 38.889:

In NR-U, power ramping is not applied when preamble is not transmitted due to LBT failure. This will require an indication from the physical layer to the MAC.
In the current MAC specification, this counter is increased by 1 with the following conditions:

2> if PREAMBLE_TRANSMISSION_COUNTER is greater than one; and

2> if the notification of suspending power ramping counter has not been received from lower layers; and

2> if SSB or CSI-RS selected is not changed from the selection in the last Random Access Preamble transmission:

2>
increment PREAMBLE_POWER_RAMPING_COUNTER by 1.
From the agreement, it should be clear that if preamble transmission is blocked due to LBT failure, the PREAMBLE_POWER_RAMPING_COUNTER should not be increased. 
RAN2 further captured in the TR that an indication is required from the physical layer to the MAC.  Regarding the indication, it’s proposed in R2-1901673 and R2-1901785 to reuse the existing notification of suspending power ramping counter.
Question 2: Do companies agree to reuse “the notification of suspending power ramping counter” as the indication? 
	Company
	Yes/No
	Comments

	OPPO
	No
	We think either the existing notification or the LBT failure indication can be used. By using the existing notification of suspending power ramping, it may need to inform RAN1. We prefer to use LBT failure indication, since anyway it’s needed from Phy to MAC.

	Intel
	No
	We believe that a new LBT indication from L1 is required on whether the preamble transmission counter should be incremented. Hence this indication can also be used to not increment the power ramping counter for the case of LBT failure. 

	Nokia
	No
	Different behaviour might need to be specified in MAC for power ramping suspension due to LBT failure or due to UL beam sweeping. For LBT failure without actual preamble transmission, the UE should just re-attempt without waiting for RAR window to expire; while for suspending power ramping counter in Rel-15 it was indicated the UE sweeps UL beam using the same power, the UE would still monitor PDCCH for RAR as specified in Rel-15.

	Lenovo, Motorola Mobility
	No
	We support having an explicit LBT failure indicator from PHY, which should be used for this purpose.

	InterDigital
	No
	This is a modelling/naming issue, as it relates to intra-UE indications between layers. Given such notification may also be used for other RA decisions, e.g. whether to start ra-ResponseWindow and whether to increment the preamble transmission counter, it may be better to have common name (e.g. “notification of Msg1 LBT failure”)

	Huawei
	No
	Introduce a new LBT failure indication and reuse it in multiple places in MAC spec. 

	Samsung
	No
	According to current spec, PHY can send the notification of suspending power ramping counter even for the case preamble was transmitted e.g. when UL TX beam is changed. This should be distinguished from LBT failure case. So a new indication is needed.

	NEC
	No
	New indication specific to LBT failure should be used. And this would be LBT failure/success indication as discussed in 2.2.1

	ZTE 
	No
	We also think that explicit LBT failure indication is better (and it is very likely that this indication is anyway needed – e.g. for other purposes such as monitoring persistent LBT failure etc). In this case, using LBT failure indication more or less comes for free. 

	MediaTek
	No
	We think that a new indication from the physical layer to MAC that reports the result of the LBT will be required for NR-U (for example, to avoid incrementing the PREAMBLE_TRANSMISSION_COUNTER, or to start ra-ResponseWindow). The same indication can be used for suspending the power ramping.

	Spreadtrum
	No
	In NR-U, an explicit LBT success/failure indicator from PHY to MAC is required which can be used for suspending the power ramping and other purposes. 

	LG
	No, but
	In the case of LBT failure in NR-U, the complexity of the MAC specification can be reduced by simply receiving existing notification of suspending power ramping counter that do not increase the power ramping counter. In other words, if the LBT failure can be informed by receiving existing the notification of suspending power ramping counter from PHY layer to MAC, then RAN2 can reduce effort to change the UE behaviour according to LBT outcome in the legacy MAC specification.

	Vivo
	?
	This can be decided by RAN1.

	Xiaomi
	No
	LBT failure case is different from beam sweeping case, an independent LBT failure indication is necessary.

	Charter Communications
	No
	We believe a separate and explicit LBT status indicator from PHY to MAC is required for this and other procedures.

	Panasonic
	No
	LBT failure notification from PHY can be utilized for many cases

	Ericsson
	Yes
	It is beneficial to reduce the additional spec efforts to reuse power ramping suspension indicator, since it is already in place.

	Convida Wireless
	No
	In our view there are numerous effects on different MAC procedures due to LBT failures. A generic LBT failure indication from PHY to MAC and having each MAC procedure take actions specific to each procedure is simpler and avoids the need to specify unique indications for every MAC procedure affected by LBT failures.

	Apple
	No
	New LBT failure indication can be used for suspending the power ramping. 

	Fujitsu
	No
	LBT failure is new functionality, so it is better to specify new indication.

	ITRI
	No
	Prefer to introduce a new LBT failure indication and reuse it in multiple places. PHY can also send the notification of suspending power ramping counter for the case preamble was transmitted when UL TX beam is changed. This should be distinguished from LBT failure case.

	SONY
	No
	

	Qualcomm
	No
	It is clear that an LBT indication is useful and should be introduced. There is no benefit to tie this with an existing procedure designed for something completely different.


Summary:23 companies provided 
21 companies does not agree to reuse the existing power ramping suspension notification, and think a new LBT failure indication should be introduced and used for suspending the power ramping counter. 

1 company think it’s beneficial to reuse the power ramping suspension indicator.

1 company is not sure and think it’s up to RAN1 discussion.
Based on the inputs, Rapporteur suggests to go for the majorities:

Proposal 2 LBT failure/success indication should be used for suspending the power ramping counter, how to capture it in MAC specification is FFS.
2.1.3 Additional opportunities for Msg1
As agreed in the study item phase:
· For NR-U, RACH can be enhanced by additional opportunities. The additional opportunities should apply to msg1 and msg3.
One question would be how to achieve additional opportunities for msg1. RAN1 has discussed some potential options in both frequency-domain and time-domain. However there is no further progress/consensus in the work item phase.
Regarding the frequency-domain enhancement, the following is currently considered in RAN1: 
Frequency-domain enhancement: Multiple PRACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA
Based on the submitted RAN2 contributions so far, different options were proposed for additional opportunities applied to msg1:

Option1: additional opportunities across different LBT sub-bands within a BWP: 
Basically, it’s in RAN1 scope to configure multiple PRACH resources across multiple LBT sub-band(s). In RAN2, some contributions, e.g., R2-1902132, R2-1900139, R2-1900232, R2-1901169, R2-1901259 and R2-1901567, were proposed to modify the resource selection procedure in MAC so the MAC entity can indicate additional transmission opportunities to the physical layer, e.g., additional RO(s). Then the UE can perform LBT on multiple LBT sub-bands. It should be noted that this option may need further RAN1 and/or RAN4 input.
Option2: additional opportunities across different UL BWPs:

In R15, different UL BWPs can be configured with PRACH resources. Some contributions, e.g., R2-1901212, R2-1901944 and R2-1900249, discussed whether the UE is allowed to perform LBT for msg1 transmission on any configured UL BWP, and UE is allowed to switch to the UL BWP with successful LBT. This option may also need further confirmation from RAN1 and/or RAN4.
Option3: additional opportunities across serving cells/carriers:
Some contributions, e.g., R2-1902132 and R2-1901678, discussed whether UE is allowed to select and initiate RACH on any serving cells where RACH resources are configured. It’s understood that this implies that CBRA is supported on SCells.

Option4: wait for RAN1 progress:

Given all the options above, it’s not yet clear if RAN2 discussion can progress without substantial RAN1/RAN4 inputs. Maybe RAN2 can wait for concrete conclusions on supporting additional opportunities for msg1 in RAN1, as also proposed in R2-1900714. Meanwhile, it would be good to collect companies’ initial thinkings on these different options and possible other options. 

Question 3: Which option(s) do you prefer on achieving additional opportunities for msg1?
	Company
	Option(s)
	Comments

	OPPO
	Option4/2
	We prefer to wait for RAN1 further progress on whether supporting configuration of PRACH resources across multiple LBT sub-bands, so that RAN2 can study whether MAC needs to be modified to support selecting multiple ROs for a RACH procedure.
Meanwhile, we would like to clarify the option2, i.e., whether or not the UE can perform LBT on multiple UL BWPs configured with PRACH resources when the RACH procedure is initiated. An LS may be needed to RAN1/RAN4 to clarify this option. 

	Intel
	Option4
	In our view, wideband operation on Msg1 should first be agreed in RAN1/4.  Option 2 is probably no longer an option based on the RAN1 LS quoting RAN 1 agreement below (R1-1901460):

Agreement:
Operation with multiple active BWPs for a carrier on unlicensed bands is not supported for DL or UL at least in Rel-16 NR-U WI.

	Nokia
	Option 4
	We can wait for RAN1 to progress their work a bit further first. From the provided options it seems likely that multiple ROs needs to be selected by the MAC entity to provide additional opportunities for Msg1, hence, it would be good trying to progress the work what this could mean for the MAC procedure and, for instance, interaction between CFRA and CBRA.

	Lenovo, Motorola Mobility
	Option 4
	We see an advantage of having multiple opportunities across LBT subbands / BWPs / carriers. However we should be able to postpone this issue a bit to check progress in RAN1.

We would also like to point out that there is a benefit if the PDCCH order can offer additional Msg 1 opportunities.

	InterDigital
	4/1
	Dependent on progress in RAN1/RAN4 for wideband operation.

	Huawei, HiSilicon
	Option 4
	In the current RAN1 TR, the following paragraph has been captured:

-
Frequency-domain enhancement: Multiple PRACH resources across multiple LBT sub-bands/carriers for both contention-free and contention-based RA

-
Time-domain enhancements:

-
For connected mode UE, scheduling of PRACH resources via DCI. 

-
Triggered PRACH within gNB acquired COT can use a new resource indicated by the DCI

-
For idle mode UE, scheduling of PRACH resources via paging

-
Note: potential inefficiency in network resource due to paging across multiple cells

-
Additional, new RACH resources are used immediately following detection of DRS transmission

-
Multiple PRACH transmissions before Msg2 reception in RAR window for initial access

-
Number of allowed transmissions is pre-defined or indicated, e.g., in RMSI

-
Group wise SSB-to-RO mapping by frequency first-time second manner, where grouping is in time domain

So it can be seen that RAN1 is discussing the enhancement in time and frequency domain. We should avoid parallel discussion with RAN1 and wait for RAN1 progress. 

	Samsung
	4/1
	Option 2 is not valid according to RAN1 agreement. 

	NEC
	Option 4
	Option 1 looks more suitable approach although RAN1 decision is necessary anyway. Option 2 is not valid one anymore.

	ZTE
	Option 1/4
	We think option 1 can be considered but we also agree that further progress in RAN1 is needed before we finalise this. 

	MediaTek
	Option4
	We think that Option2 is ruled out, due to the agreement in RAN1#95: “Operation with multiple active BWPs for a carrier on unlicensed bands is not supported for DL or UL at least in Rel-16 NR-U WI.”

Before evaluating other options, RAN2 should wait for RAN1 progress.

	Spreadtrum 
	Option3/Option4
	We think the option3 can provide more opportunities for RACH without considering the LBT sub-band and BWP. 
Meanwhile, we think RAN2 should wait for RAN1 process.

	LG
	Option 4 
	It depends on the progress in wideband operation.

	vivo
	Option 4
	We consider that the final decision should be up to RAN1.

	Xiaomi
	Option 4/Option 1+2
	We are ok to leave it to RAN1 to decide. Our preference of the solution is 1+2, as they serve different cases.

	Charter Communications
	Option 4
	The motivation for this discussion is very similar to what is happening in RAN1. Also, Option 1 and 2 depend on the discussion of wideband operation between RAN1 and RAN4. We believe that is best to avoid duplication or possibly divergence on this topic between RAN1 and RAN2.

	Panasonic
	Option 4
	Wait for RAN1 progress

	Ericsson
	Option 3/4
	Option 1 may require the sub-band/channel to be visible at the MAC since the RA occasion/resource selection is handled by the MAC layer.

Option 2 requires a UE to autonomous switch between BWPs, however, the BWP switch time may be an issue, since the BWP switch time may be up to 1ms (depending on UE capability). the critical RA event may therefore suffer from additional latency due to BWP switch.

We think Option 3 is enough, since CA can achieve wideband operation without introducing complexity to the MAC spec. 

And of course, the final decision shall be taken by RAN1.

	Convida Wireless
	Option 1/4
	Configuring additional RACH resources across multiple LBT sub-bands can provide additional robustness without increasing latency.

	Apple
	Option 4
	We should wait for RAN1 further progress.  

	Fujitsu
	FFS
	Will wait for the decision in RAN1.

	ITRI
	Option 4
	We prefer to wait for RAN1 further progress to avoid parallel discussion between RAN1 and RAN2.

	SONY
	Option 4
	Wait for RAN1 progress

	Qualcomm
	Option 4
	This is a physical layer issue and thus should be decided by RAN1. The options also depend on Connected or Idle mode and whether CBRA or CFRA is used. RAN2 should focus on and recommend how to handle multiple opportunities at MAC layer once RAN1 makes progress.


Summary:23 companies provided views.
All companies agree that RAN2 should wait for further RAN1 progress on achieving additional opportunities for msg1.
Among these companies, 5 companies also think option 1 is interesting to consider. 2 companies also think option 2 is interesting to consider, and 2 companies think option 3 can also be considered as a way to provide additional opportunities for msg1.

Based on the inputs, Rapporteur suggests to go for the majorities:

Proposal 3 RAN2 can wait for further progress from RAN1 on achieving additional opportunities for msg1. 

The Following question is moved from section 2.5 to facilitate online discussion

Question O3a: Should MAC return to the resource selection step if LBT fails for Msg1 transmission opportunity(ies)?
	Company
	Yes/No
	Comments

	MediaTek
	Yes
	If the UE is not able to transmit the RA preamble on the selected PRACH occasion (or on any of the selected PRACH occasions if supporting additional opportunities for Msg1 is agreed by RAN1) due to LBT failure(s), MAC should return to the to the RA resource selection step.

	Ericsson
	Yes
	

	OPPO
	Yes
	

	Fujitsu
	Yes
	Share MediaTek’s view.

	Qualcomm
	Yes
	Keeping the resource selection at MAC, as in legacy NR, will reduce specification impact to both PHY and MAC and it is a cleaner alternative to performing similar at PHY layer.

	Huawei
	Not sure
	Not quite sure the RACH resource reselection needs to be performed again since the UE can use the same RACH resource in the next RACH occasion association period (RAN1 definition, refers to multiple of RACH configuration periods).


Summary: 6 companies provided views.

Given there are limited responses, Rapporteur suggests:

Proposal 4 RAN2 needs more discussion on whether MAC returns to the resource selection step if LBT fails for Msg1 transmission opportunity(ies).

From time-domain perspective, multiple PRACH transmissions before msg2 was considered in RAN1:
-
Time-domain enhancements:

-
Multiple PRACH transmissions before Msg2 reception in RAR window for initial access

-
Number of allowed transmissions is pre-defined or indicated, e.g., in RMSI

In RAN2, R2-1901754 proposed to support multiple msg1 transmissions, but there is also objection observed from R2-1900714. Similar as the above question, maybe RAN2 can also wait for further progress on RAN1, but it would be good to ask for some initial thinkings on whether supporting multiple msg1 transmissions:
Question 4: What’s your views on supporting multiple msg1 transmissions?

	Company
	Supportive?
	Comments

	OPPO
	No
	We prefer to wait for RAN1 further progress on supporting multiple msg1 transmission. It should be noted in R15, multiple msg1 transmission was introduced for contention free RACH, but it’s removed from the specification. So, we prefer to keep the current baseline as it is until further progress in RAN1 that multiple msg1 transmission is needed.

	Intel
	No
	Multiple Msg1 transmissions come with multiple issues as follow:

· Simultaneous transmission of  Msg1 is used – Increases the contention if the PRACH resource is shared and also resulting in higher UL interference

· Multiple receptions for Msg2 – Unnecessary usage of DL resource and UE has to monitor multiple RA-RNTI if different time domain PRACH is used

· Multiple TX for Msg3 – Increase UE power consumption (if more than 1 is needed to allow more scheduling opportunities for Msg4) and increase DL/UL interference

· Multiple receptions for Msg4 – Unnecessary usage of DL resource if multiple succeeded.

· More complicated RA procedure

· From Msg2: needs to discuss which successful reception to pick if multiple Msg2s are received

· From Msg3: needs to discuss which UL grant to transmit if more than 1 succeeded in LBT.

From Msg4: needs to discuss which successful contention resolution

	Nokia
	No
	We don’t see the need to allow multiple msg1 transmissions. Providing multiple msg1 opportunity seems to be enough and only one that succeeds LBT needs to be transmitted. Having multiple preambles transmitted would basically allow UE monitoring multiple RA-RNTIs, however, with single RA-RNTI we could allow multiple RARs (as already allowed today) which serves the same purpose; hence, there seems to be no benefit whatsoever in enabling multiple msg1 transmissions in NR-U.

We can decide in RAN2 as it would unnecessarily complicate the procedure without benefits – this can be also indicated to RAN1.

	Lenovo, Motorola Mobility
	No
	If RAN1 shows a benefit, this can be considered, however a priori we consider the current mechanism as sufficient.

	InterDigital
	No
	Such proposal can be detrimental to channel access at high channel occupancy, as the additional Msg1 transmissions may create unnecessary interference and inter-UE blocking due to LBT collisions.

	Huawei, HiSilicon
	No
	In R15, we have discussed on the multiple preamble transmission for msg1 but finally deprioritized due to the workload and time limitation. I think the "multiple PRACH" that have been mentioned by RAN1 is not the "multiple msg1" by the comments above, which leads to multiple parallel RACH procedures. But we are also fine with waiting for the progress from RAN1 on whether to support this. 

	Samsung
	
	Wait for RAN1 progress

	NEC
	No
	We do not think this could be feasible option but can wait for RAN1.

	ZTE
	No
	Per our proposal in R2-1900679, we think that if msg1 is dropped due to LBT, a subsequent Msg1 (re)transmission may be performed on any available RO. Transmitting multiple msg1s in parallel will result in parallel RACH procedures and this shall be avoided as also mentioned by other companies above. We also agree with Nokia that this can be decided in RAN2 since multiple parallel PRACH procedures will complicate MAC procedures (i.e. within RAN2 remit). 

	MediaTek
	No
	Multiple msg1 transmissions will have a negative impact on UE power consumption as well as substantially increasing the interference in the system, therefore should not be considered.

Moreover, if the LBT is already successful for one msg1 transmission, there is no obvious benefit of an additional msg1 transmission for unlicensed access. In fact, it will affect the system performance by blocking more UL resources for the additional transmission.

	Spreadtrum
	No
	Share Nokia's view.

	LG
	Yes, but
	In unlicensed band, since there may be a collision with WiFi nodes even if the LBT is successfully performed, we think that the multiple preamble transmission is helpful for the success of RA procedure.

But, as suggested by several companies, we can wait for the RAN1 progress since RAN1 is considering the multiple preamble transmission in time domain.

	vivo
	No
	We think that there is no benefit for the transmission of multiple msg1. The transmission of multiple msg1 could also increase the collision probability.

	Xiaomi
	No
	We think it will only deteriorate the channel situation.

	Charter Communications
	No
	While there would be some benefits by multiple transmission of Msg1, it’d be best if the benefit is quantified in RAN1, considering gain, overhead, and increased contention tradeoff.

	Panasonic
	No
	Multiple msg1 transmission in time domain increases the lot of UE complexity for example, UE has to maintain multiple contention resolution Timers, RAR response window 

	Ericsson
	No
	We share the same views as Intel.

	Convida Wireless
	No
	Multiple transmissions come with multiple issues.

	Apple
	No
	Multiple Msg1 transmission will lead to extra UE power consumption and complexity of RACH procedure. 

	Fujitsu
	FFS
	Will wait for the decision in RAN1.

	ITRI
	No
	If the LBT is already successful for msg1 transmission, there is no obvious benefit of additional msg1 transmission for unlicensed access. Multiple Msg1 transmissions may come with some issues, as the additional Msg1 transmissions may create unnecessary interference and inter-UE blocking due to LBT. Parallel PRACH will also complicate MAC procedures.Hence, We don’t see the need to allow multiple msg1 transmissions.

	SONY
	Yes
	We support the view from LG.

	Qualcomm
	No
	Agree with Intel. RAN2 should confirm the single RACH procedure, which was the baseline agreement during Study Item.


Rapporteur Summary:23 companies provided views.

19 companies does not agree to support multiple msg1 transmissions. 
2 companies prefer to leave it up to RAN1 decision.

2 company multiple preamble transmission is helpful for the success of RA procedure but agree that it can wait RAN1 further process.
Based on the inputs, Rapporteur suggests to go for the majorities:

Proposal 5 RAN2 can wait for further progress from RAN1 on supporting multiple msg1 transmissions. From RAN2 perspective, multiple msg1 transmissions are not supported. 

2.2 Msg2 reception
2.2.1 ra-ResponseWindow
Regarding ra-ResponseWindow, as agreed in the study item phase:
ra-ResponseWindow is not started when the preamble is not transmitted due to LBT failure. 

In current MAC specification, the start condition for ra-ResponseWindow is as follows:

2>
start the ra-ResponseWindow configured in RACH-ConfigCommon at the first PDCCH occasion as specified in TS 38.213 [6] from the end of the Random Access Preamble transmission;

Based on the agreement, it would imply that an indication is needed from the physical layer to the MAC layer, so that if preamble transmission is blocked due to LBT failure, MAC would be aware of it and thus not trigger this window. In R2-1901673, it’s proposed that MAC starts the ra-ResponseWindow only when there is no notification of suspending power ramping counter.
Question 5: Do you think an indication is needed for the MAC entity to start the RAR window? If Yes, what is the indication?
	Company
	Need indication?
	Comments

	OPPO
	Yes
	We can use LBT failure notification.

	Intel
	Yes
	There should be an indication from L1 to indicate whether LBT fails. The indication will be used for incrementing the preamble transmission counter if LBT fails, for whether to start the RAR window as well as for suspending power ramping due to LBT.

	Nokia
	Yes
	Indication of preamble not transmitted due to LBT failure.

	Lenovo, Motorola Mobility
	Yes
	We support having an explicit LBT failure indicator from PHY.

	InterDigital
	Yes
	Given a notification is indicated from PHY to MAC for a preamble transmission for the purpose of whether to incrementing the power ramping counter, the same notification can be re-used, as discussed in the answer for Question 2.

	Huawei, HiSilicon
	Yes
	a new LBT failure notification is needed, which will also be used in multiple places in the spec

	Samsung
	Yes
	LBT Success/Failure Notification

	NEC
	Yes
	We expect to use LBT failure/success indication from physical layer.

	ZTE
	Yes (but this need not be an explicit indication to start RAR window)
	We think an implicit indication may be used, such as LBT failure indication. When the indication is received, RAR window will not be started. While the absence of the indication which implicitly means that the LBT was successful, RAR window will be started

	MediaTek
	Yes, and should re-use the same LBT result indication for multiple scenarios
	After the MAC layer instructs the physical layer to perform a RA preamble transmission, the physical layer will report the outcome of the LBT (success/fail) to MAC layer. If the result is success, MAC will start the ra-ResponseWindow. If the result is fail, MAC will return to the resource selection step of the RA procedure and will not start ra-ResponseWindow.

We think that a common mechanism to indicate the LBT result (success/fail) from the physical layer to MAC can be used for this scenario as well as other scenarios such as PREAMBLE_TRANSMISSION_COUNTER.

	Spreadtrum
	Yes
	A LBT failure/success indication from physical layer can be used for many purposes in MAC.

	LG
	Yes, but
	Since MAC cannot know by itself whether the preamble is actually transmitted or not, the indication from PHY is inevitable for MAC to start the RAR window. However, in order to minimizing the impact on MAC, RAN2 need to find ways to utilize the existing indication or notification from PHY as much as possible.

	vivo
	Yes
	LBT Success/Failure Notification. The details on how to capture such indication for the start of the RAR window can be further discussed.

	Xiaomi
	Yes
	LBT failure indication can serve this purpose.

	Charter Communications
	Yes
	Starting RAR window before actual RACH transmission is not aligned with the concept of RAR window, hence an indication on whether the transmission has occurred (e.g. an LBT status indication) is required. 

	Panasonic
	Yes
	In current NR specification, MAC always starts ra-ResponseWindow regardless whether PHY is sending preamble transmission. However, in NR-U we think explicit LBT successful notification is required for MAC layer in order to start ra-ResponseWindow.

	Ericsson
	Yes
	A RAR window is started only when a preamble transmission is started after a successful LBT operation. The power ramping suspension indicator is already in place to indicate whether a power ramp need to be performed for a preamble transmission. It would be natural to reuse it here. In other words, 

If the notification of suspending power ramping counter has not been received from lower layers, the RAR window can be started.

	Convida Wireless
	Yes
	We prefer a generic LBT failure/success indication from PHY to MAC is used by each MAC procedure affected by LBT failures.

	Apple
	Yes
	LBT failure indication can be used for it. 

	Fujitsu
	Yes
	Assuming that multiple ROs selected by MAC come at different time, MAC is not aware which RO is used to transmit the preamble so that MAC does not know the timing to start the corresponding RAR window. Therefore, the indication is needed.

	ITRI
	Yes
	We can use LBT failure indication. The details on how to capture such indication for the start of the RAR window can be further studied.

	SONY
	Yes
	

	Qualcomm
	Yes
	It could be either a successful transmission indication or the lack of LBT failure indication.


Summary:23 companies provided views.

All the companies agree to have an indication in MAC layer to indicate whether to start RAR window. Among them, 2 companies think the indication can be the existing indication or notification in MAC layer such that the impact to MAC specification is minimized. Most of the companies think the indication should be LBT failure/success indication which can be used in other places, e.g., suspending power ramping etc.
Based on the majorities’ view, it’s proposed:
Proposal 6 LBT failure/success indication is used for starting RAR window, details on how to capture it in MAC specification is FFS. 

During the study item, RAN1 agreed that:

In some scenarios it is beneficial for the maximum RAR window size to be extended beyond 10 ms to increase robustness to DL LBT failure. FFS: Value of maximum RAR window size

RAN2 assumes that the maximum RAR window size will be extended and can further discuss the following options regarding the extended RAR window size:

· Option 1: the maximum RAR window size is up to RAN1;

· Option 2: the maximum RAR window size is decided by RAN2, and please indicate the values.
Question 6: Which option do you prefer regarding extending the RAR window size?

	Company
	Option
	Comments

	OPPO
	Option2
	The maximum RAR window can be up to 20ms

	Intel
	2
	RAN2 can decide and should be limited to 20ms.

	Nokia
	2
	Extending the RAR window will bring the RA-RNTI calculation issue as indicated below. As this problem will be common with the 2-step RACH where MsgB could be decoded up to the max duration on contention resolution timer, we could consider RAR window extension of several tens of milliseconds, e.g., up to 40ms.

	Lenovo, Motorola Mobility
	Option 2
	At least up to 20 ms should be supported.

	InterDigital
	2
	RAN2 can decide, as it affects the RA-RNTI computation, and an LS can be sent to RAN1. 20 ms is sufficient for the max RAR window size, as it accommodates sufficient time to acquire the channel at high loads.

	Huawei, HiSilicon
	2
	RAN2 can decides on this and also address the ensuing RA-RNTI calculation issue

	Samsung
	2
	

	NEC
	2
	This is MAC mechanism, RAN2 can decide. The expected value could be 20ms. Maybe longer window (e.g. 40ms) is useful in some cases, but this increase a possible delay in RA, especially when preamble retransmission is required.

	ZTE
	2
	We think this can be extended up to 20 ms. However, more detailed analysis is needed on this aspect to consider the RNTI space and the formula for RA-RNTI calculation. 

	MediaTek
	2
	We think that it is feasible to extend the RAR window up to 20ms.

	Spreadtrum
	2
	The RAR window can be up to 20ms.

	LG
	Option 1
	The maximum RAR window size is affected by the backoff and LBT mechanism. Thus, it should be decided by RAN1 based on the PHY analysis and RAN2 should discuss the protocol impact following the RAN1 decision.

	Vivo
	2
	We consider that the RAR can be transmitted within 20ms in most cases.

	Xiaomi
	2
	The RAR window is up to 20ms, to leave enough RNTI space for other RNTIs, e.g. C-RNTI, etc.

	Charter Communications
	2
	The max RAR window should depend on how densely the unlicensed channel is occupied. Given the max COT duration of 6ms, it seems a max window size of 20ms to 40ms suffices. 

	Panasonic
	2
	It can be extended up to 20 ms

	Ericsson
	Option 2
	Extension the RAR window up to 20ms.

	Convida Wireless
	2
	20ms is probably sufficient, but 40ms will increase the success rate when channel occupancy is high.

	Apple
	2
	RAR window can be extended up to 20ms. 

	Fujitsu
	2
	The RAR window extension is fine similar with LTE e.g. for BL UEs and at least 20ms can be supported.

	ITRI
	Option 2
	RAN2 can decide the maximum RAR window size, as the maximum RAR window size affects the RA-RNTI computation.

	Sony
	2
	See above

	Qualcomm
	1/2
	The maximum size depends on the contention window so RAN1 should at least be consulted. As noted by Nokia, similar discussion will happen for 2-step RACH. 


Summary:23 companies provided views.

21 companies support option2, which the RAR window size is decided in RAN2. Regarding the extended RAR window size:

· 15 companies agree to extend the window to 20ms: 

· 2 company agree to extend to 40ms;
· 1 company is ok for both 20ms and 40ms

1 company support option 1 which is to leave it to RAN1 discussion.

1 company supports both option 1 and option 2 and thinks RAN1 should at least be consulted.

Based on the inputs, Rapporteur suggests to go for option2:

Proposal 7 The maximum RAR window size is extended to 20ms.
2.2.2 RA-RNTI

The current RA-RNTI calculation is as follows:

The RA-RNTI associated with the PRACH occasion in which the Random Access Preamble is transmitted, is computed as:

RA-RNTI= 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id

where s_id is the index of the first OFDM symbol of the PRACH occasion (0 ≤ s_id < 14), t_id is the index of the first slot of the PRACH occasion in a system frame (0 ≤ t_id < 80), f_id is the index of the PRACH occasion in the frequency domain (0 ≤ f_id < 8), and ul_carrier_id is the UL carrier used for Random Access Preamble transmission (0 for NUL carrier, and 1 for SUL carrier).
When the maximum RAR window size is extended, it will cause RA-RNTI ambiguity issue, i.e., two different PRACH occasions will have the same RA-RNTI, as raised in R2-1901093, R2-1900136, R2-1901339, R2-1901677, R2-1901907 and R2-1900233.
In order to solve the RA-RNTI ambiguity issue, there are several options identified. There are two general principles on how to solve the RA-RNTI ambiguity issue: 
· Option 1: modify the RA-RNTI formula with increased RA-RNTI spaces, e.g., R2-1900136 and R2-1901339.
· Option 2: support increased ra-ResponseWindow size without increasing RA-RNTI space, e.g., R2-1901677 and R2-1901907.
· Option 3: others.
Question 7: Which option(s) do you prefer to solve this RA-RNTI ambiguity issue?
	Company
	Option(s)
	Comments

	OPPO
	Option2
	We prefer to solve the RA-RNTI ambiguity issue without increasing the RA-RNTI space, detail solutions can be further studied.

	Intel 
	Option2
	

	Nokia
	Option 2
	Proposals from R2-1901907 via DCI or RAR seems to be most future proof as we’re consuming already maximum of ~18000 RNTIs solely for RA-RNTI in Rel-15. Changing the interpretation of the formula as proposed in R2-1901677 is not that extendable, e.g., if support for different numerologies is added in the future releases. Same for modifying the formula in option 1 since the RNTI space is limited.

	Lenovo, Motorola Mobility
	Option 1
	A simple extension of the RA-RNTI space could be achieved by (extension marked in yellow):

RA-RNTI= 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id + 14 × 80 × 8 × 2 × SFN mod x (SFN is the system frame number, ‘x’ is the maximum ra-ResponseWindow in unit of frames)

	InterDigital
	2
	

	Huawei, HiSilicon
	Option1
	We don’t see the increase of RA-RNTI space as a problem and concrete proof needs to be given on why the increase of RA-RNTI space will cause problem. The increase of the length of the window is proposed by RAN2 and we would better to address it with RAN2 solution instead of relying on the other groups, because the other groups lacks the necessary backgrond. 

	Samsung
	Option 1
	In current spec, the RA-RNTI can range from 1 to 179200. This does not mean that all values of RNTI in this range is reserved for RA-RNTI. Actual number of RA-RNTIs used depends on number of RACH occasions over a period equivalent to RAR window size.

The RA-RNTI formula can modified as indicated by Lenovo. 

T_id numbering across multiple radio frames can be considered but this approach limits the RAR window extension to some SCSs.

	NEC
	Option 2
	Our prefernce is this direction. Althogh it is a bit hard to jude whether increasing the RA-RNTI spaces is an issue or not, it would be better to try to find a solution without increasing it, e.g. proposal in R2-1901907.

	ZTE
	Option 1
	We prefer something like option 1. However details need to be still discussed. 

	MediaTek
	Option2
	We think that it is beneficial to alter the RA-RNTI formula without increasing the RA-RNTI space as in R2-1901093 mainly for two reasons:


1) For lower SCS (e.g. 15kHz, 30kHz), a large proportion of RA-RNTI values are unused with the current formula in Rel15. It is sensible to maximize the use of the existing RA-RNTI space.


2) The solution should focus on the lower SCS (up to 60kHz), as SCS higher than 60kHz will not be used in Rel16 NR-U. There is no need to over-engineer a solution.

	Spreadtrum
	Option2
	

	LG
	Option 1, but
	It depends on the maximum RAR window size. If we need to extend the maximum RAR window size beyond 20ms, We have no choice but Option 1.
Considering that the maximum SCS in NR-U is 60kHz, the proposal in R2-1901677 (Option 2) restricts the maximum RAR window for the SCS of 60kHz to 20ms. I’m not sure that the maximum RAR window size of 20ms is enough for unlicensed spectrum. So, for this approach, we need to first check with RAN1 whether the maximum RAR window size of 20ms is enough or not.
By the way, the proposal in R2-1901907 (Option 2) is the least preferred option. This solution has the impact on the RAR format and even if the indication would be introduce based on DCI, it may cause additional processing burden for the UE.

	Vivo
	Option 1
	We consider that the reserved number of RNTI for Option 1 and 2 is the same, as the RA-RNTI for both options is determined by the resource allocation of RO. If we consider to extend the RAR window further (e.g. 30ms) in the future, Option 2 is not applicable anymore.

	Xiaomi
	Option 2
	As we explained in our document, the drawback of option 1 is that RAR window size can only be extended to maximum 30ms and will consume too much RNTI space. Because the whole RNTI space is 64K and shared among RA-RNTI, Temporary C-RNTI, C-RNTI, MCS-C-RNTI, CS-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, TPC-SRS-RNTI, INT-RNTI, SFI-RNTI, and SP-CSI-RNTI, etc., while the RA-RNTI space for 3 radio frames would add up to 14*80*8*2*3 = 53.76K with only 10.24K left for other RNTIs.

Option 2 has no this problem and can be extended as much as you want.

	Charter Communications
	Option 2
	Increasing ra-ResponseWindow size relates to the consequences of LBT outcome in an unlicensed band. While increasing RA-RNTI space relates to increased arrival rate of RA preambles. We treat the former issue in NR-U, while the latter issue is not exclusively relevant to NR-U. Therefore, we suggest to support increased ra-ResponseWindow size without increasing RA-RNTI space.

	Ericsson
	Option 2
	It is important that RAN2 first agrees on the basic principle, that is, no need to increase the RA-RNTI value space. Detailed solution can be further studied.

	Convida Wireless
	Option 2
	Increasing the response window is sufficient to overcome the affect of LBT failures.

	Apple
	Option 1/2
	We are fine with both options. 

For option 2, even though the RA-RNTI space is not extended, the DCI should be extended to carry SFN related information, and UE will use it together with RA-RNTI to figure out its own RAR.  

	Fujitsu
	Option 2
	We profer to keep the current RA-RNTI space. Details can be studied. The main target of NR-U is for FR1, but futhre proof and FR-agnositc formula would be considered as much as possible.

	ITRI
	Option 2
	Whether increasing the RA-RNTI spaces is an issue or not, it would be better to try to find the possible solutions without increasing the RA-RNTI spaces.

	SONY
	??
	

	Qualcomm
	Option 2
	Option 1 should not be considered. 16 bit value for all RNTI is fundamental to PHY operation. Extending the window with no impact to msg1 and RA-RNTI calcuation should be preferred. 


Summary:22 companies provided views.

14 companies agree with option 2, i.e., support increased RAR window size without increasing RA-RNTI space. 6 companies agree with option 1 and 1 company agree with both options.
Based on the inputs, Rapporteur suggests to go for the majorities:

Proposal 8 The RA-RNTI value space is not increased due to extended RAR window size, detail solution on how to solve the RA-RNTI ambiguity issue is FFS. 

2.3 Multiple transmission opportunities for Msg3

2.3.1 Additional opportunities for Msg3
As agreed in the study item phase:

· For NR-U, RACH can be enhanced by additional opportunities. The additional opportunities should apply to msg1 and msg3.
In R15, msg3 is scheduled by RAR and the UL grant in the RAR indicate the time and frequency resources for msg3 transmission. There is only UL grant included in the RAR corresponding to each RAPID.

Regarding additional opportunities for msg3, several contributions, e.g., R2-1902200 R2-1900231 R2-1901211 and R2-1901754, proposed that additional opportunities for msg3 can be indicated by RAR. However, some other contributions, e.g., R2-1901259 and R2-1901169, have concerns on the complexity, e.g., for RAR format design.
Similar as the question for msg1, maybe RAN2 can wait for further progress in RAN1. Nevertheless, it would be good to ask the preference on supporting additional opportunities for msg3.

Question 8: Do you think RAR needs to be enhanced to indicate additional opportunities for msg3?
	Company
	Yes/No
	Comments

	OPPO
	Yes/No
	We are open to enhance the RAR to indicate multiple opportunities for msg3, but would prefer to wait for the further progress in RAN1.

	Intel
	As baseline the additional transmission opportunities for Msg3 transmission can be retransmission opportunities during the ra-ContentionResolutionTimer.

Yes, Additional opportunities for the initial transmission can be provided
	Due to LBT failure, the UE may not be able to use the UL grant provided in RAR to transmit the Msg3. Since HARQ retransmission for Msg3 is possible, the UE can receive a subsequent UL grant within the ra-macContentionResolutionTimer, which can provide the additional transmission opportunities for Msg3 transmission.
In addition, additional opportunities can also be provided for the initial Msg3 transmission without changing the RAR format design, e.g. the UL grant is valid for a certain time window (for a few slots).

	Nokia
	
	Can wait for RAN1 to progress since it mainly concerns the UL grant design in RAR.

	Lenovo, Motorola Mobility
	Yes
	One Random Access Response should be able to indicate multiple Msg 3 opportunities in time domain. RAN2 should ask RAN1 to specify the detailed design.

	InterDigital
	Yes, but
	This can be discussed once RAN1 finalizes the design for UL wideband operation and multi-TTI scheduling.

	Huawei, HiSilicon
	
	We need to wait for RAN 1 progress

	Samsung
	
	Wait for RAN1 progress

	NEC
	Maybe
	should wait for RAN1

	ZTE
	Wait for RAN1
	We agree with Nokia that we should wait for RAN1 progress. 

Further, we also think that this is of lower priority anyway because it is possible to use other features (e.g. 2-step RACH or msg3 transmission in shared CoT initiated by gNB etc) that would minimise the LBT impacts to msg3. 

	MediaTek
	Maybe
	Wait for RAN1 progress.

	Spreadtrum
	Maybe
	Wait for RAN1 progress

	LG
	No
	Enhanced RAR format not only requires additional modification, such as additional indication or multiple UL grants in a RAR, but also has the limitation of flexibly providing additional opportunities for MSG3 due to the fixed RAR format. So, we prefer the solution using the current RAR format.

	Vivo
	Yes
	We consider that RAN2 can make such decision, as the motivation of the multiple transmission opportunity for the initial transmission of Msg3 should be from RAN2. If we rely on the HARQ retransmission of msg3, the delay of the msg3 transmission will be increased.

	Xiaomi
	Maybe
	Wait for RAN1 progress

	Charter Communications
	
	Ongoing RAN1 discussion.

	Panasonic
	
	Wait for RAN1 progress

	Ericsson
	Yes
	It is beneficial to provide additional transmission opportunities for Msg3 to combat with LBT failures. We prefer a solution that a UE can do repetitive transmission for Msg3 in the time domain. The RAR format may not necessary to update. In one example, the repetition indicator and the number of Msg3 repetition can be signalled in the RMSI. 

	Convida Wireless
	Yes
	Multiple transmission opportunities are necessary to allow a similar RA procedure success rate as can be achieved in licensed operation.

	Apple
	
	Wait for RAN1 progress.

	Fujitsu
	FFS
	We are ok to wait for RAN1 progress.

	ITRI
	
	Prefer to wait for the further progress in RAN1.

	SONY
	Yes
	Yes, we believe multiple transmission opportunities should be possible.

	Qualcomm
	Yes
	We can agree from RAN2 point of view and ask RAN1 to consider in UL grant design.


Summary:23 companies provided views.

6 companies (OPPO, Lenovo, InterDigital, vivo, SONY, Qualcomm) express the interesting for enhancement of RAR so that it can indicate multiple msg3 transmission opportunities. 
2 companies (Intel, Ericsson) support to have multiple msg3 transmission opportunities without changing RAR format. 
Most of the companies (15) prefer to wait until further progress in RAN1
1 company does not prefer to change the RAR format.
Based on the inputs, Rapporteur suggests to go for the majorities:

Proposal 9 RAN2 should wait until further progress from RAN1 regarding potential enhancements on additional opportunities for msg3.
2.4 Contention resolution
2.4.1 Extending ra-ContentionResolutionTimer
As agreed in the study item phase:

· RAN2 assumes that ra-ContentionResolutionTimer may need to be extended to overcome the LBT impact in NR-U. Detailed value should be studied during the WI.

The ra-ContentionResolutionTimer configuration is as follows:
    ra-ContentionResolutionTimer            ENUMERATED { sf8, sf16, sf24, sf32, sf40, sf48, sf56, sf64},

During study item phase, RAN2 assumes the timer may need to be extended, it may need further confirmation with companies on this assumption.
Question 9: Do you agree to extend the ra-ContentionResolutionTimer? If yes, please indicate the values.
	Company
	Yes/No
	Comments

	OPPO
	Yes
	Prefer to keep the SI agreement, and the extended value can be sf72. But would be open to keep the current values.

	Intel
	No
	The existing timer is probably sufficient for SCS=15kHz and 30KHz.

	Nokia
	No
	The maximum value is already long enough to provide enough scheduling opportunities. Besides, the issue is the same for RAR window for which it is unlikely to see extension above 64ms.

	Lenovo, Motorola Mobility
	No
	Agree with Intel’s view.

	InterDigital
	No
	The maximum supported value “sf64” is already much larger than the maximum supported RAR window size.

	Huawei, HiSilicon
	No
	

	Samsung
	No
	

	NEC
	No
	We do not see strong need for extension as already include long values.

	ZTE
	Yes
	We think that we can consider extension (e.g. 128 ms)

	MediaTek
	No
	We agree with other companies that the maximum value is sufficiently long.

	Spreadtrum
	No
	The value of ra-ContentionResolutionTimer is related to the time when the ra-ContentionResolutionTimer starts or restarts discussed in Q10.  If the ra-ContentionResolutionTimer starts or restarts when the Msg3 is transmitted, the delay caused by DL possible LBT failures should be considered. If the ra-ContentionResolutionTimer starts or restarts regardless of whether the Msg3 is transmitted, the delay caused by DL possible LBT failures and UL possible LBT failures should be considered.  
In both options, the maximum value of ra-ContentionResolutionTimer is already much larger than the extended maximum RAR window size which can be 20ms as most companies proposed in Q6. 

	LG
	Up to RAN1 decision
	As with the maximum RAR window size, the maximum value of ra-ContentionResolutionTimer is also affected by the backoff and LBT mechanism. Thus, it should be determined in RAN1.

	vivo
	No
	The sf64 should be sufficient for the transmission of Msg4.

	Xiaomi
	Yes
	The current design of resolution timer value does not taking LBT into account, it is of course very possible that the current value is not enough. As we can see that if RA is going to resort to resolution, it means the channel is very busy, it is not a good idea for UE to restart from preamble transmission, which will worsen the channel occupancy condition.

	Charter Communications
	No
	

	Panasonic
	No
	

	Ericsson
	Yes
	The extension of ra-ContentionResolutionTimer may be scaled by the same factor as that is used for the RAR window. For example, if the RAR window is doubled, ra-ContentionResolutionTimer can be also doubled.

	Convida Wireless
	Yes
	More time for contention resolution is necessary to allow a similar RA procedure success rate as can be achieved in licensed operation. We could also consider extending the contention resolution window in the presence of LBT failures, which could be addressed by affecting the start condition.

	Apple
	No
	The maximum value of current configuration seems sufficient.  

	Fujitsu
	No
	Those timer values seem to be enoght.

	SONY
	TBD
	Can be enhanced in later stage if needed.

	Qualcomm
	Maybe
	64ms is probably sufficient for msg4 transmission but we should confirm with RAN1 on the duration of LBT failure, for example  considering which access priority msg4 would use. This can be decided later as it is just stage-3 detail without any impact to procedures.


Summary:22 companies provided views.

14 companies don’t think the value of ra-ContentionResolutionTimer need to be extended, the current maximum 64ms is sufficient to cover possible LBT impacts. 5 companies think it can be extended, e.g., to 128ms. 1 company thinks it’s up to RAN1 decision. 2 companies are think it should be TBD.
Based on the inputs, Rapporteur suggests to go for the majorities:
Proposal 10 The value of ra-ContentionResolutionTimer is not extended. 

2.4.2 Start condition of ra-ContentionResolutionTimer
In R15, the start/restart condition for ra-ContentionResolutionTimer is as follows:

1>
start the ra-ContentionResolutionTimer and restart the ra-ContentionResolutionTimer at each HARQ retransmission in the first symbol after the end of the Msg3 transmission;

In NR-U, msg3 transmission may be blocked due to LBT failure. In this case, it’s a question whether the start/restart condition for ra-ContentionResolutionTimer needs to be modified considering LBT failure, which is also discussed in R2-1900248, R2-1902200 and R2-1901211.
Question 10: Do you think the start/restart condition of ra-ContentionResolutionTimer should consider LBT failure of msg3?

	Company
	Yes/No
	Comments

	OPPO
	Yes
	If msg3 is blocked by LBT, the network should be able to schedule the retransmission of msg3, in this case, the timer should be started even if the msg3 is blocked by LBT failure.

	Intel
	No
	As mentioned in the response for Q8, the retransmission opportunities can be used for additional Msg3 opportunities.

	Nokia
	Yes
	Contention resolution timer should only be started if msg3 is transmitted without LBT failure. Since the NW does not know if the msg3 is not transmitted due to LBT failure or the UE did not receive the RAR, it might not always schedule msg3 retransmission. Directly restart the preamble reattempt without waiting for the timer to expire reduces latency.

	Lenovo, Motorola Mobility
	Yes
	The timer shall not be started if Msg 3 cannot be transmitted due to LBT failure.
For the issue raised by Nokia, we think that restarting with a new preamble transmission (Msg 1) from the same preamble group as the previous preamble transmission is suitable, if the PHY is not able to transmit Msg 3 in the assigned time slot(s).

	InterDigital
	Yes
	The UE should only start the timer when Msg3 is transmitted. Going back to step 1 for a preamble retransmission immediately following LBT failure for Msg3 transmission can be considered to reduce delay.

	Huawei, HiSilicon
	Yes
	

	Samsung
	Yes
	ra-ContentionResolutionTimer should be started even if Msg3 cannot be transmitted due to LBT failure. 
From network point of view, network will schedule retransmissions if it does not receive the Msg3. So we do not see any need to restart the preamble reattempt if UE fails to transmit in UL grant received in RAR. Restarting the preamble attempt would mean LBT checking for Msg1 at UE side and Msg2 at gNB side again which will increase delay.

	NEC
	Yes
	agree that only when Msg3 is actually transmitted, timer should (re)start.

	ZTE
	No
	The answers from OPPO and Samsung make us wonder if we understand the question correctly! In the end both Oppo and Samsung seem to think that the timer should be started even if msg3 is blocked due to LBT. However, in this case the answer to the question should be (“No”)???

In any case, we also think that the timer should be started regardless of the LBT outcome.

There are two scenarios when msg3 may not be transmitted: 

Case 1: RAR not received: In this case, the legacy behaviour is that the UE will eventually retransmit msg1 (the network on the other hand may send one or more msg3 retransmission grants but these are not monitored by the UE). So, this legacy behaviour doesn’t need to be changed anyway.

Case 2: Msg3 blocked due to LBT: In this case, the network will reschedule msg3 resources and the best thing for the UE would be to monitor the DL for msg3 retransmission grants. Hence, it is best for the UE to start the contention resolution timer in this case.
Note that the network behaviour doesn’t change in both cases (i.e. the network doesn’t know if msg3 has been dropped due to LBT failure or due to RAR reception failure. However, since the network behaviour is the same in both cases, anyway (i.e. send msg3 retransmission grants), we don’t see the need for changing the UE behaviour here. So, the UE should start the contention resolution timer and monitor DL for msg3 retransmission grants. 

	MediaTek
	Maybe
	If Msg3 has not been transmitted due to LBT failure, RAN2 should discuss whether the UE should wait for the gNB to schedule a retransmission and start the timer, or whether the UE should return to the resource selection step and attempt another preamble transmission.

	Spreadtrum
	No
	Share ZTE’s view.

	LG
	No
	This timer should be started regardless of LBT outcome to avoid the UE from being stuck in RA procedure.
Moreover, even if Msg3 is not transmitted due to LBT failure, the network may schedule retransmission grant for the Msg3.

	vivo
	No
	According to the current MAC specification, the CONNECTED UE configured with DRX can only monitor the PDCCH during the running period of the ra-ContentionResolutionTimer. If the UE does not start the timer, the UE may not able to receive the PDCCH for the Msg3 re-transmission.

	Xiaomi
	No
	Agree with ZTE.

	Charter Communications
	Yes
	The timer should start when Msg3 is actually transmitted. Although the gNB behavior, when it does not detect Msg3, is to resend the Msg3 transmission grant, there is no reason to let the timer run which could lead the UE to retransmit Msg1. 

	Ericsson
	No
	One of design purposes for ra-ContentionResolutionTimer is to make sure a UE can do fallback to the RA resource selection phase in case the contention resolution fails. We think it is beneficial to extend this function so that make sure the UE can switch back to the initial resource selection phase if Msg3 is not transmitted due to LBT failures, to avoid the RA procedure to get stalled due to LBT subjection. 

[Jan] We also believe the procedure would be faster if CR-timer is started since then gNB can schedule retransmissions if LBT failure. Should be faster than going back and do resource selection, preamble tx, RAR reception before transmitting Msg3 again.

	Convida Wireless
	Yes
	We should consider extending the contention resolution window in the presence of LBT failures.

	Apple
	No
	We share ZTE’s view. In case of no Msg3 received in NB, NB cannot distinguish the following reasons, so the NW will apply same operation, i.e. schedule Msg3 retransmission. 

1) not receiving RAR;

2) LBT failure for Msg3 transmission; 

3) Msg3 transmitted but failure. 

Since NW cannot realize the LBT failure for Msg3 transmission, in UE side, it is sufficient to follow legacy operation, i.e. start CR timer regardless of the LBT result.

	Fujitsu
	Yes
	The timer is (re)started only when LBT is successful.

	SONY
	TBD
	

	Qualcomm
	Maybe
	Agree that not starting the timer at all will not work since when LBT fails for all possible transmission occasions, the procedure will be stuck. However, LBT can still be considered when multiple opportunities exist and, in this case, the UE can start the timer at the successful transmission occasion or at the last occasion irrespective of LBT. It is also possible to always take the first occasion as the start time.


Summary:19 companies provided views.

· 8 companies (Nokia, Lenovo, InterDigital, Huawei, NEC, Charter, Convida and Fujitsu )support:

· The timer shall not be started if Msg 3 is not transmitted due to LBT failure.
· 10 companies (OPPO, Intel, Samsung, ZTE, Spreadtrum, LG, vivo, Xiaomi, Ericsson, Apple) support:

· The timer is started regardless of the LBT result.
· 2 company (MediaTek) thinks RAN2 should further discuss
· 1 company thinks it may depend on multiple opportunities of msg3.

Note that, OPPO and Samsung answered “Yes” but seems their views are similar as those who answered “No” which is also found by ZTE.

Based on the inputs, Rapporteur suggests to go for the majorities:

Proposal 11 RAN2 needs more discussion on whether the ra-ContentionResolutionTimer is started regardless of the LBT outcome of msg3 transmission.
2.5 Others
Any other questions?
Question O1: Should the UE keep monitoring for PDCCH with CRC scrambled by RA-RNTI, i.e. for Msg 2, even after it has successfully received Msg 2?
	Company
	Yes/No
	Comments

	Lenovo, Motorola Mobility
	Yes
	This will allow the gNB to schedule resources for Msg 3 transmissions regardless of whether a previously granted Msg 3 transmission has failed due to a missed Msg 2 or due to failed LBT for Msg 3.
The MAC entity may stop ra-ResponseWindow (and hence monitoring for Random Access Response(s)) after the physical layer indicates a transmission of RACH Msg 3.

	Ericsson
	No
	This would change the legacy UE behaviours and hurt the performance of the battery saving. We prefer other options to provide more opportunities for Msg3. In one example, a UE can use the same grant to do multiple transmissions spanning in the time domain.

	OPPO
	No
	In current MAC specification, the UE may stop the RAR window if RAR is successfully received, we think the can keep the current behaviour.

	Qualcomm
	No
	The gNB can give grants for retransmission as in legacy NR. Allowing multiple grants in msg2 is a much better solution for LBT diversity of msg3.


Summary: 4 companies provided views.

Rapporteur waits for other more companies view on this question before a proposal can be made.
Question O2: Should UL skipping include the transmission granted by the RAR grant?
	Company
	Yes/No
	Comments

	Lenovo, Motorola Mobility
	Yes
	Especially on an unlicensed carrier, transmitting a TB containing only a padding MAC subPDU should be avoided to not unnecessarily occupy/block the carrier to ensure fair coexistence.

	Ericsson
	No
	gNB is expecting a transmission and will waste resources for retransmissions if UE skip transmission. 

	OPPO
	No
	Same as above

	Qualcomm
	No
	UE should still retransmit as in legacy NR.


Summary: 4 companies provided views.

Rapporteur waits for other more companies view on this question before a proposal can be made.

For the above two questions, we don't receive enough responses, and the given the limited responses are not convergent, Rapporteur suggests to discuss separately based on contributions. 

3 
Discussion for SR

3.1 General procedure

Regarding SR triggering and cancellation conditions, it seems there is not too much motivation to enhance the R15 baseline, which seems the following questions are “easy” for convergence:
Question 11: Do you agree that R15 SR triggering is reused for NR-U?
	Company
	Yes/No
	Comments

	OPPO
	Yes
	No motivation to change the SR triggering condition.

	Intel
	Yes
	In addition, it has to ensure that SR is not triggered in the case the MAC entity is configured with configured grant over unlicensed serving cell and the regular BSR was triggered for a logical channel for which its logical channel restriction allows it to use the configured grant in unlicensed serving cell  

This is to prevent unnecessary DSR from being sent when the BSR can be sent via configured grant for NR-u. It may also help to reduce the possible collision between configured grant and scheduled grant from happening as described in our companion contribution (R2-1900717)

	Nokia
	Yes
	

	Lenovo, Motorola Mobility
	Yes
	

	InterDigital
	Yes
	

	Huawei, HiSilicon
	Yes
	

	Samsung
	Yes
	

	NEC
	Yes
	

	ZTE
	Yes
	

	MediaTek
	Yes
	

	Spreadtrum
	Yes
	

	LG
	Yes
	

	vivo
	Yes
	

	Xiaomi
	Yes
	

	Charter Communications
	
	The R15 SR triggering also includes start sr-ProhibitTimer, but due to LBT consequence the start of sr-ProhibitTimer should be pending the LBT outcome. We understand this is treated in the subsequent question Q14, but want emphasis that the entire SR triggering procedure should not be reused.

	Panasonic
	Yes
	

	Ericsson
	Yes
	Agree with Intel, it means that NR-U need to introduce a LCP mapping restriction similar as “laa-UL-Allowed” as in LTE. Combination it with the existing logicalChannelSR-Mask, NR-U can achieve the restriction to avoid an SR to be triggered for a LCH on an unlicensed cell with a configured grant when the LCH is allowed to use the configured grant.

	Convida Wireless
	Yes
	

	Apple
	Yes
	

	Fujitsu
	Yes
	

	ITRI
	Yes
	

	Sony
	Yes
	

	Qualcomm
	Yes
	


Summary: 23 companies provided views.
Most companies (22) agree R15 NR SR triggering conditions can be reused in NR-U. One company thinks LBT may have impact on sr-ProhibitTimer, and SR triggering includes starting this timer, so the procedure may not be reused.  
According to majorities’ view, Rapporteur suggests:
Proposal 12 As a baseline, R15 SR triggering is reused for NR-U.
Question 12: Do you agree that R15 SR cancellation is reused for NR-U?
	Company
	Yes/No
	Comments

	OPPO
	Yes
	No motivation to change the SR cancellation condition.

	Intel
	Yes
	

	Nokia
	Yes
	

	Lenovo, Motorola Mobility
	Yes
	

	InterDigital
	Yes
	

	Huawei, HiSilicon
	
	We think the question is not specific enough. Currently, SR can be cancelled when BSR is transmitted by the MAC PDU and this BSR include the buffer status up to the last event that triggered a BSR. it can also be cancelled when a UL grant is received and this UL grant can accommodate all the pending data for transmission. Then, the question is, if the MAC PDU containing the BSR or the UL grant accommodating all the data fails to be transmitted due to LBT fails, should the SR still be cancelled.

Hence, two options for the timing for the cancellation (1) cancelation at the actual transmission of MAC PDU containing the BSR/all the data (2) cancellation at the assembly of the MAC PDU. 

	Samsung
	Yes
	

	NEC
	Yes
	

	ZTE
	Yes
	

	MediaTek
	Yes
	

	Spreadtrum
	Yes
	

	LG
	Yes
	

	vivo
	?
	The I-IOT WI is discussing the SR cancellation. We consider that if the I-IOT WI changed the trigger conditions for the SR cancellation, we could re-use the agreements made in I-IOT for NR-U as well.

	Xiaomi
	Yes
	

	Charter Communications
	Yes
	

	Panasonic
	Yes
	

	Ericsson
	Yes
	

	Convida Wireless
	
	We agree with Huawei’s point. If the BSR is not transmitted due to LBT failure the SR should not be cancelled.

	Apple
	Yes
	

	Fujitsu
	Yes
	

	ITRI
	Yes
	

	SONY
	Yes
	

	Qualcomm
	Yes
	However, agree with HW that the current specification needs to be updated that they are cancelled only when UL PDU containing BSR and/or all data is transmitted.


Summary: 23 companies provided views.

Most companies (20) agree R15 NR SR cancellation is reused in NR-U. 2 companies think SR should not be cancelled if the BSR is not transmitted due to LBT. 1 company think the conclusion in IIoT regarding SR cancellation (if any) can be re-used in NR-U  

According to majorities’ view, Rapporteur suggests:

Proposal 13 As a baseline, R15 SR cancellation is reused for NR-U as a baseline. 
3.2 SR_COUNTER
In current MAC specification, the SR_COUNTER is increased by 1 when the MAC entity instructs the physical layer to signal SR on one valid PUCCH resource for SR. For NR-U, the SR transmission is dropped due to LBT failure, so similar as PREAMBLE_TRANSMISSION_COUNTER discussion, one question would be whether increment SR_COUNTER should take LBT failure into account? Basically, there are two options:

· Option1: MAC entity increase the SR_COUNTER by 1 when instructing the physical layer to signal SR, i.e., no change to the baseline R15, e.g., R2-1901797.
· Option2: MAC entity increase the SR_COUNTER by 1 only when the SR transmission is successfully performed, which implies an indication would be needed, e.g., LBT failure indication, e.g., R2-1901457.
· Option3: Discuss it as part of the consistent UL LBT failure indication discussion
Question 13: Which option do you prefer on increment SR_COUNTER for NR-U?
	Company
	Options
	Comments

	OPPO
	Option2
	We prefer to introduce a counter/timer to maintain the LBT failure due to any uplink transmission, which is in the scope of Email discussion 105#49, so given this position, we think SR counter is incremented if it’s transmitted successfully.

	Intel
	Option1 or Option 3
	Again, this is related to the consistent UL LBT failure discussion. After the discussion, it is clear that there are 3 mechanisms on the table for doing UL LBT failure:

1. Based on existing counters and timers as in Option 1

2. Based on new LBT failure counters and timers for SR transmission

3. Based on new unified failure counters and timers for all UL transmissions

Our view is that we should discuss this as part of the consistent UL LBT failure discussion.

Similar to the Preamble transmission counter, SR_COUNTER is to give a maximum attempts the UE can perform SR transmission to avoid UE get stuck in the requesting state due to poor RF conditions. LBT failure can be seen as another factor of poor RF condition (i.e. the channel load is very high). From this point of view, SR_COUNTER should be incremented. There is no need for new counter and timer for SR

	Nokia
	Option 2/3
	No need to increase the counter if there is other means to avoid deadlock when there is continuous LBT failure.

	Lenovo, Motorola Mobility
	Option 1 or Option 3
	

	InterDigital
	2
	Sustained channel unavailability can be addressed separately in the MAC discussion on consistent UL LBT Failures leading to RLF.

	Huawei, HiSilicon
	Option3
	If the mechanism for handling the systematic UL LBT failure is introduced, Option2 should be selected. Otherwise Option 1

	Samsung
	Option 2
	

	NEC
	Option 2 or 
Option 3
	similar handling as preamble transmission counter would be preferable.

	ZTE
	Option 2
	

	MediaTek
	Option2/3
	In NR licensed, MAC starts sr-ProhibitTimer when it instructs the physical layer to transmit an SR. If the sr-ProhibitTimer expires, SR_COUNTER is incremented. This means that SR_COUNTER is incremented at each sr-ProhibitTimer expiry. In NR-U, if the LBT fails at SR transmission, the UE should be able to attempt another transmission at the next SR transmission opportunity. If the LBT result is not taken into account, SR_COUNTER will be incremented at each SR transmission opportunity, even if the physical layer is unable to perform the transmission, e.g. due to LBT backoff. This will mean that the MAC will reach sr-TransMax limit, release UL, and initiate a RACH.

Therefore, we think that SR_COUNTER should not be incremented if SR cannot be transmitted because LBT fails at the physical layer.

Handling persistent LBT failures in SR transmissions should be discussed as part of the relevant email discussion.

	Spreadtrum
	Option 2/3
	In Option1, too early RACH procedure and release of PUCCH will be triggered because the SR_COUNTER is incremented even if the SR was not been transmitted due to LBT failure. 
Similar with the preamble transmission counter, the SR_COUNTER is incremented only when the LBT succeeded.

	LG
	Option1
	If dropped SR transmission is not counted at all, the UE may be stuck in SR procedure and the network cannot know whether the UE is stuck due to LBT or there is no UL data to transmit. As the SR procedure is to request an uplink resource, it would rather desirable to trigger an RA procedure if SR transmission fails the maximum number of SR trial due to LBT failure.

	Vivo
	Option 1
	This is to avoid the deadlock of the SR transmission.

	Xiaomi
	Option 2 or 3
	

	Charter Communications
	Option 2 and 3
	Option 2 and 3 both hint to the requirement of an LBT failure indication from PHY to MAC. A unified solution for LBT failure indication, as suggested in Option 3, is more desirable. 

	Panasonic
	Option 2/3 
	

	Ericsson
	Option 1
	Since the SR transmission may be subject to the LBT operation, the first question that needs to be answered is whether the LBT outcome need to be visible at the MAC layer. 

In our understanding if SR counter is not increased when an LBT failure occurs, the risk is that the UE may delay performing the random access procedure which is triggered when the SR counter reaches the SR max counter. Therefore, in our understanding the SR_COUNTER shall be stepped at every SR transmission attempt, irrespective of LBT outcome, more details are available in the paper R2-1901676.

	Convida Wireless
	Option 2
	The network configures sr-TransMax to allow for a sufficient number of SR transmissions to ensure gNB reception. If upon LBT failures the SR_COUNTER is incremented we will reach sr-TransMax before reception is ensured, which will result in unnecessarily releasing PUCCH, SRS and initiating a Random Access procedure. We could consider configuring a large sr-TransMax for unlicensed operation but this would also result undesirable consequences when LBT failures do not occur (i.e. longer time to recover from failed PUCCH…).

	Apple
	Option 2
	SR should have same treatment as preamble in the LBT case. 

	Apple
	Option 2
	SR should have same treatment as preamble in the LBT case. 

	Fujitsu
	Option 2
	Same view with Apple.

	Apple
	Option 2
	SR should have same treatment as preamble in the LBT case. 

	Qualcomm
	Option 2/3
	Agree with Mediatek. We need a consistent solution with the prohibit timer below, for which most companies agree that it should be started only upon successful transmission. 


Summary: 23 companies provided views.

18 companies prefer to option 2, among which 8 companies also think option 3 is acceptable.

5 companies prefer to option 1, among which 2 companies also think option 3 is acceptable

According to majorities’ view, Rapporteur suggests:

Proposal 14 SR_COUNTER is increase only when SR is successfully transmitted.

3.3 sr-ProhibitTimer
As agreed in RAN2#104:

· If SR is not transmitted due to LBT failure, the UE should not be prohibited from trying again by the prohibit timer. 

Similar as SR_COUNTER, sr-ProhibitTimer is started when the MAC entity instructs the physical layer to signal the SR. The running timer would prohibit the SR transmission if the previous one is blocked due to LBT failure. Thus, one question is: 
Question 14: Do you agree the sr-ProhibitTimer is started if SR transmission is successful?

	Company
	Yes/No
	Comments

	OPPO
	Yes
	Otherwise, the SR retransmission due to LBT failure would be blocked by the SR prohibit timer which is against the agreement.

	Intel
	Yes
	I think this is already agreed in the TR

	Nokia
	Yes
	As agreed.

	Lenovo, Motorola Mobility
	Yes
	Keep earlier agreement.

	InterDigital
	Yes
	

	Huawei
	Yes
	

	Samsung
	Yes
	

	NEC
	Yes
	

	ZTE
	Yes
	

	MediaTek
	Yes
	We think that the timer should only be started if SR is transmitted (LBT is successful). The time between MAC instructing the physical layer to perform the transmission and the physical layer reporting the LBT result to MAC should be relatively shorter than SR transmission opportunity periodicity. In any case, MAC knows when it is waiting for the result of the LBT and can avoid sending another SR transmission instruction to the physical layer.

	Spreadtrum
	Yes
	

	LG
	No
	We have different understanding from OPPO, Intel, Nokia and Lenovo regarding the last SR agreement in RAN2#104.

In our understanding, SR retransmission can be performed by PHY layer even if SR prohibit Timer is running. In other words, the timer is only to prevent MAC entity from instructing another SR to PHY too frequently but it could transmit the SR again from PHY layer while the timer is running when the triggered SR was dropped due to LBT failure.

Moreover, SR repetition in PHY layer is possible even if SR prohibit timer is running as shown in following NOTE in LTE.

TS 36.321, S5.4.4

NOTE 2:
SR_COUNTER is incremented for each SR bundle. Sr-ProhibitTimer is started in the first TTI of an SR bundle.

Regarding MediaTek comment, UE may not be able to avoid sending another SR transmission instruction to the PHY layer if the SR prohibit Timer is not running.  

If more than one individual SR triggers an instruction from the MAC entity to the PHY layer to signal the SR on the same valid PUCCH resource, the UE may not able to avoid sending another SR transmission when the time between sending SR instruction and receiving LBT outcome is shorter than SR transmission opportunity periodicity.

	Vivo
	Yes?
	We consider that some stage-3 details on how to capture this may need to be discussed further. According to the current MAC specification, if sr-ProhibitTimer is started when MAC indicates the SR transmission to the PHY, and the UE increments the SR counter by 1. If the SR prohibit timer is only started when the SR is transmitted successfully, the MAC may indicates several SR transmission to the PHY before the start of the sr-ProhbitTimer, and the SR counter will also be increased several times even though there is only one SR transmission.

	Xiaomi
	Yes
	

	Charter Communications
	Yes
	Agree that the timer should be started only after an indication of a successful transmission from PHY. While waiting for such indication, as mentioned by MediaTek, MAC avoids sending another SR.

	Panasonic
	Yes
	

	Ericsson
	Yes
	It has been already captured in the TR, it is unnecessary to reopen this issue in the WI phase.

	Convida Wireless
	Yes
	The prohibit should not be set upon LBT failure.

	Apple
	Yes
	

	Fujitsu
	Yes
	

	SONY
	Yes
	

	Qualcomm
	Yes
	


Summary: 22 companies provided views.

Most companies (21) think we should be what we have agreed in SI phase, i.e., the timer should only be started if SR is transmitted (LBT is successful), among which 1 company think stage-3 specification impacts should be considered. 1 company has different understanding on the SI agreement.

According to majorities’ view, Rapporteur suggests:

Proposal 15 As agreed in the SI phase, the sr-ProhibitTimer is only started if SR transmission is successful, how to capture it in the MAC specification is FFS.
3.4 Additional transmission opportunities for SR

For NR-U, SR transmission may be dropped due to LBT failure. In R15, multiple SR configurations can be supported and different LCH can be mapped to at most one SR configuration. Each SR configuration consists of a set of PUCCH resources across different UL BWPs and serving cells. In R15, MAC entity instructs the physical layer to signal the SR on one valid PUCCH resource. If there are more than one overlapping valid PUCCH resource for the SR transmission occasion, it’s up to UE implementation for the selection.
Some contributions discussed potential enhancements on additional opportunities for SR. However, it seems they are not so convergence on this potential enhancement. The following are the options:
· Option1: SR may be transmitted on additional PUCCH resources provided by the gNB, as proposed by R2-1901457 and R2-1900585;
· Option2: More than one SR resources can be indicated from the MAC to the PHY, as proposed in R2-1900234;
· Option3: Wait for RAN1 decision, as proposed in R2-1900717;
Question 15: Which option do you prefer regarding potential enhancements on additional opportunities for SR?
	Company
	Option(s)
	Comments

	OPPO
	Option3
	We prefer to wait for further RAN1 progress. Otherwise, we would like to keep the current behaviour.

	Intel
	Option 3
	For Option1 with adding PUCCH opportunistically, it is unclear to us how the network knows which UE needs the UL resources. However, it will require RAN1 to discuss such opportunistic PUCCH is possible
For Option2, it is just modelling whether the valid reosurces are done at L1 or MAC. It can be left to UE implementation if such overlapping SR resource occur.
For the option with SR configuration on more than one PUCCH SCells, currently, as stated in 38.331, it only supports one PUCCH configuration for PCell and/or one for SCell in the case of CA with multiple time-alignment or in the case of DC where the PUCCH configurations are configured for the PCell and PSCell. Our understanding is that such restriction on the number of PUCCHs is imposed by RAN1 due to UE power consumption, and hence we think that RAN1 needs to discuss first the feasibility of such approach.

	Nokia
	Option 3
	Additional PUCCH resource for SR is RAN1 scope.

	Lenovo, Motorola Mobility
	Option 3
	

	InterDigital
	1/3
	i.e. additional PUCCH resources provided by the gNB within a gNB-initiated COT, which is useful at high channel occupancy.

This may require discussion in RAN1 as well.

	Huawei, HiSilicon
	Option3
	Here, the "additional PUCCH resources" needs to be clarified on what it is. If RRC just configures more PUCCH resource and there is no change on the association between PUCCH resource, LCH config and SR config,or the way to indicate it, there is no impacts to MAC spec. 

We can wait for the RAN1 progress. currently, RAN 1 has decided to use PUCCH format 2 and 3 and enhancements for NR-U PUCCH, originally for long payload. Also indication from gNB for PUCCH transmission within a gNB-acquired COT is mentioned. we can wait for the possible RAn1 progress on the enhancements.  

	Samsung
	Option 3
	

	NEC
	Option 3
	

	ZTE
	Option 3
	

	MediaTek
	Option3
	

	Spreadtrum
	Option3
	

	LG
	Option3
	

	vivo
	Option 2
	At least for the frequency domain we should allow the UE to access different frequency channels (e.g. multiple LBT sub-bands or multiple cells) for SR transmission. We consider that such indication of accessing different frequency channels for SR transmission should be from the MAC to the PHY.

	Xiaomi
	Option 2
	We think that RAN2& RAN1 may need to jointly consider this. RAN2 can provide its preference to RAN1, not just to leave it to RAN1, since it also relates to other issues, e.g. collision between SR transmission and UL-SCH transmission, which is in RAN2 scope. And we think RAN1 alone may not be able to make the best choice.

	Charter Communications
	Option 3
	We suggest to wait for RAN1 discussion which also includes additional PUCCH opportunities. We note that while additional SR resources may help (when LBT fails during the first SR opportunity but succeeds during the next opportunity), the time separation between the two opportunities should be large enough to statistically have a good chance of a different LBT outcomes during the SR opportunities. And this is what RAN1 should address.

	Panasonic
	Option 1/3
	Dynamic PUCCH SR resources configured by gNB can assure UE’s SR transmission. 

	Ericsson
	Option 3
	RAN1 shall first discuss if it is needed to introduce additional SR opportunities/resources to combat with LBT failures.

	Convida Wireless
	Option 3
	

	Apple
	Option 3
	

	Fujitsu
	Option 3
	

	ITRI
	Option 3
	Prefer to wait for further RAN1 discussion.

	SONY
	Option 3
	

	Qualcomm
	Option 3
	More opportunities across cells or sub-bands need RAN1 conclusion. Regarding whether to initiate on more configured PUCCH resources, it is preferable to follow current MAC where MAC is in control of indicating the SR transmission (similar to RACH). We also don’t see the benefit of dynamic SR opportunities as this would only help if the current SR occasions are not sufficient and gNB is aware of UE pending data.


Summary: 23 companies provided views.

Most companies (21) think RAN2 should wait until further progress from RAN1. 2 companies prefer to option 2 which allows MAC to indicate multiple SR opportunities to the PHY.

According to majorities’ view, Rapporteur suggests:

Proposal 16 RAN2 should wait until further progress from RAN1 regarding potential enhancements on additional opportunities for SR.
3.5 Others

Any other questions?
4 Conclusion

Based on the discussion in section 2 and section 3, the following proposes are given:
Proposal 1
The PREAMBLE_TRANSMISSION_COUNTER is not increased if the preamble is not transmitted due to LBT failure, as RAN1 recommended. How to capture it in the MAC specification is FFS.
Proposal 2
LBT failure/success indication should be used for suspending the power ramping counter, how to capture it in MAC specification is FFS.
Proposal 3
RAN2 can wait for further progress from RAN1 on achieving additional opportunities for msg1.
Proposal 4
RAN2 needs more discussion on whether MAC returns to the resource selection step if LBT fails for Msg1 transmission opportunity(ies).
Proposal 5
RAN2 can wait for further progress from RAN1 on supporting multiple msg1 transmissions. From RAN2 perspective, multiple msg1 transmissions are not supported.
Proposal 6
LBT failure/success indication is used for starting RAR window, details on how to capture it in MAC specification is FFS.
Proposal 7
The maximum RAR window size is extended to 20ms.
Proposal 8
The RA-RNTI value space is not increased due to extended RAR window size, detail solution on how to solve the RA-RNTI ambiguity issue is FFS.
Proposal 9
RAN2 should wait until further progress from RAN1 regarding potential enhancements on additional opportunities for msg3.
Proposal 10
The value of ra-ContentionResolutionTimer is not extended.
Proposal 11
RAN2 needs more discussion on whether the ra-ContentionResolutionTimer is started regardless of the LBT outcome of msg3 transmission.
Proposal 12
As a baseline, R15 SR triggering is reused for NR-U.
Proposal 13
As a baseline, R15 SR cancellation is reused for NR-U as a baseline.
Proposal 14
SR_COUNTER is increase only when SR is successfully transmitted.
Proposal 15
As agreed in the SI phase, the sr-ProhibitTimer is only started if SR transmission is successful, how to capture it in the MAC specification is FFS.
Proposal 16
RAN2 should wait until further progress from RAN1 regarding potential enhancements on additional opportunities for SR.
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6 Annex1 – Agreements for RACH
RAN2#102:

· Both CBRA and CFRA are supported. Changes for NR-U operation will be studied

· 4-step and 2 step CBRA procedure will be studied in conjunction with RAN1 progress

· We will review the agreements made during Rel-14 eLAA WI regarding the random access procedure to determine if they can be the solution for CFRA access for NR-U

RAN2#AH Montreal:

· Both 2-step RACH procedures and enhancements to 4-step RACH for reduced transmission opportunities should be studied.

· Both CBRA and CFRA are supported on NR-U SpCell and CFRA is supported on NR-U SCells. 
· At the first stage, RAR can be transmitted via SpCell
· Assume we Use a predefined HARQ process ID for RAR

RAN2#103 Gothenberg:

· R2 assumes that RACH may be enhanced by additional opportunities, e.g. in time or frequency domain, FFS which messages the additional opportunities apply to.

· Will study the model of single-RACH procedure. FFS multiple parallel procedure model 

· Will study impact to PREAMBLE_TRANSMISSION_COUNTER, PREAMBLE_POWER_RAMPING_COUNTER, ra-ResponseWindow, ra-ContentionResolutionTimer

· It is FFS if LBT failure knowledge would be used in MAC (if available), e.g. to decide whether to increments counters PREAMBLE_POWER_RAMPING_COUNTER PREAMBLE_TRANSMISSION_COUNTER, or start stop of timers.

RAN2#103bis Chengdu:

· Power ramping is not applied when preamble is not transmitted due to LBT failure.
· Discuss at next meeting to decide on whether PREAMBLE_TRANSMISSION_COUNTER should always be increased independently on the outcome of LBT
RAN2#104 Spokane:

· RAN2 assumes that ra-ContentionResolutionTimer may need to be extended to overcome the LBT impact in NR-U. Detailed value should be studied during the WI.

· ra-ResponseWindow is not started when the preamble is not transmitted due to LBT failure.

· For NR-U, the MAC entity does not support multiple RACH procedure in parallel as the current NR

· For NR-U, RACH can be enhanced by additional opportunities. The additional opportunities should apply to msg1 and msg3.
In TR 38.889, RACH related conclusions are captured as follows:

Both 4-step and 2-step RACH will be supported for NR-U. Here 2-step RACH refers to the procedure which can complete contention-based RACH (CBRA) in two steps as explained below. One additional benefit of 2-step RACH is due to less LBT impact with the reduced number of messages. However, in order to alleviate the impact of LBT failures further, additional opportunities for the RACH messages may be introduced, e.g. in time or frequency domain, for both 4-step and 2-step RACH.  The additional opportunities for 4-step RACH will be applicable to both msg1 and msg3.

For 4-step RACH, the messages in time order are named as msg1, msg2, msg3, msg4 and for 2-step RACH, they are named msgA and msgB.

A single RACH procedure i will be used and thus multiple RACH procedures in parallel will not be supported for NR-U.As a baseline, the random-access response to msg1 will be on SpCell and msg3 is assumed to use a predetermined HARQ ID.
In legacy RACH, the counters for preamble transmission and power ramping are increased with every attempt. In NR-U, power ramping is not applied when preamble is not transmitted due to LBT failure. This will require an indication from the physical layer to the MAC. In addition, ra-ResponseWindow is not started when the preamble is not transmitted due to LBT failure.
It is assumed that ra-ContentionResolutionTimer may need to be extended with larger values to overcome the LBT impact.
7 Annex2 – Agreements for SR
RAN2#104:
· If SR is not transmitted due to LBT failure, the UE should not be prohibited from trying again by the prohibit timer. 

In TR 38.889, SR related procedure is captured as follows:

For scheduling request (SR), a prohibit timer as in NR licensed can be used. However, this should not prevent the UE from attempting to transmit an SR again if the triggered SR was not transmitted due to LBT failure.
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