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1. Introduction
In RAN1#78, the summary of offline email discussion on PRACH handling in [1] was discussed and the following was captured in Chairman’s notes.

	Possible observation:

· The need to maintaining UL synchronisation to MCG PCell should/shall be the highest priority over other PRACHs and channels is aligned with RAN2’s LS. It is also the clear majority view.

· There is almost equal split of opinion/preference on whether pSCell PRACH should be also prioritised (as the 2nd priority).

· There is also some preference to prioritise PRACH on MCG over PRACH on SCG.
Possible agreements:

· The configured guaranteed power, P_MeNB and P_SeNB, are not applicable to PRACH but applicable to Msg3 (re)transmissions.
· PCell PRACH  > other PRACHs > other channels/signals
· Priority among other PRACHs is up to UE implementation.
Email discussion until 9/15 – Kevin (NEC)


In this document, a summary of email discussion addressing two aspects of PRACH transmission for dual connectivity, agreements reached from this discussion and FFS points identified are provided.
2. Power allocation for PRACH in both synchronous and asynchronous dual connectivity
First aspect discussed was about whether or not UE output power for PRACH and Msg3 (re)transmissions should be limited in dual connectivity operation. The following 3 options from [1] were considered during the email discussion:
Option 1: The configured guaranteed power, P_MeNB and P_SeNB, are not applicable to the whole RACH procedure (including both PRACH and Msg3 (re)transmissions). That is,

· Max power can be allocated by the UE for PRACH and Msg3 (re)transmission is Pcmax,c.
Option 2: The configured guaranteed power, P_MeNB and P_SeNB, are not applicable to PRACH but applicable to Msg3 (re)transmissions. That is,

· The max power can be allocated by the UE for PRACH (re)transmission is Pcmax,c.
· For example, the power can be utilised by Msg3 in one MCG cell is in the range of [Pcmax,c – P_SeNB, Pcmax,c].
Option 3: The configured guaranteed power, P_MeNB and P_SeNB, are applicable to the whole RACH procedure (including both PRACH and Msg3 (re)transmissions). That is,

· For example, the power can be utilised by PRACH and Msg3 in one MCG cell is in the range of [Pcmax,c – P_SeNB, Pcmax,c].
The following table summarises the main reasons for support and concerns expressed during the email discussion on each of the options.
	Option
	Reasons and concerns

	Option 1 or 3
	Reasons for support:

· Need to have same coverage and treatment for PRACH and Msg3.
· When the UE has significant traffic on the SeNB, the UE is likely to be transmitting UCI on SeNB. Then the max power it can have on the MeNB is P_MeNB.
· Both PRACH and Msg3 can have similar SINR requirement and the gain is similar to time diversity (for PRACH) and HARQ retransmission (for Msg3)

Concerns:

· Option 1 will create different handling of UE power allocation for PUSCH with and without Msg3. This will lead to complicated specification support for Msg3.
· Option 3 will impose a different power limit for PRACH (re)transmissions to Rel-11 where Pcmax was used and contradict to the power ramping principle in the MAC layer. If PRACH transmission power is cap at a lower value, the transmission could be wasted and creates only interference to others and drains UE battery.
· It is important to maintain the RRC connection; hence Option 3 cannot guarantee this as it may lead to unsuccessful RACH procedure in power limited case.

· PRACH coverage could be smaller than pre-DC with Option 3.

	Option 2
	Reasons for support:

· PRACH coverage should not be affected and it is important to maintain RRC connection to MeNB.
· Small and flexible payload size of Msg3, HARQ retransmission of Msg3 and soft-combining at eNB will improve the reliability and would counter the effect of power allocation difference between PRACH and Msg3.
· If P_MeNB is set such that a single PUCCH transmission is guaranteed, it is likely that Msg3 (with retransmissions) should also have a reasonable reception probability.

· No need to specify additional UE behaviour for different UL-SCH information type (or MAC PDUs).
· The delay caused by PRACH retransmission is larger than HARQ retransmission.

· Resource allocation for PRACH is limited but HARQ retransmission resource for PUSCH can be flexible.

Concerns:

· Depending on the configured value of P_MeNB, a large number of Msg3 retransmission will be needed and it is possible they may not suffice.
· Msg3 repetitions will not go through especially if P_MeNB is low. The Msg3 repetitions were designed assuming the UE has Pmax available.

· If P_MeNB is set at 0% value (total dynamic power sharing) and there is significant offloading activity in the SeNB that it uses most of the Pmax, there would not be enough power for Msg3. (reply: P_MeNB and P_SeNB can be reconfigured)


Summary of preferences:

· Option 1: Samsung (1)
· Option 2: NEC, Nokia Corp., Nokia Networks, Huawei, HiSilicon, LGE, NTT DOCOMO, Texas Instruments, Panasonic, Ericsson, ALU, ASB, Qualcomm, Intel (14)
· Option 3: Samsung (1)
Agreement reached:
· The configured guaranteed power, P_MeNB and P_SeNB, are not applicable to PRACH but applicable to Msg3 (re)transmissions.
Note, although not explicitly mentioned in the above agreement, it is the common understanding that the max power can be allocated by the UE for PRACH (re)transmission is Pcmax,c.

3. PRACH handling in power limited case

Second aspect discussed was about whether and how to set priority rule for PRACH among the cells in MCG and SCG, and PRACH priority over other channels/signals. The following different ways forward (including their supports) were proposed and discussed over the email:
The original WF 1

· PCell PRACH > other PRACHs > other channels/signals

· Priority among other PRACHs is up to UE implementation

Support: LGE, Nokia Corporation/Nokia Networks, Sharp, InterDigital, ZTE (ok), NEC (ok) (7)
Updated WF 2
· PCell PRACH > pSCell PRACH > other PRACHs > other channels/signals

· Priority among other PRACHs is up to UE implementation

Support: Ericsson, Huawei/HiSilicon, ALU/ASB, NTT DOCOMO, Texas Instruments, ZTE, NEC, Intel (ok), Panasonic (ok), Sharp (ok), CATT (13)

Another WF 3
· Priority among PRACHs is up to UE implementation

Support: Samsung, Qualcomm, Intel (3)

Another WF 4
· PCell PRACH > pSCell PRACH >should> other PRACHs > other channels/signals

· Priority among other PRACHs is up to UE implementation
Support: Panasonic, NEC (2)

One more WF 5
· MCG PRACH > SCG PRACH > other channels/signals

Support: LGE (1)

Final WF

· All PRACH > other channels/signals

Support: NEC (1)

The following table summarises the main reasons for support and concerns expressed during the email discussion.

	Priority
	Reasons and concerns

	PCell PRACH
	Reasons for support:

· Connection to the MeNB is essential for an RRC-connected UE for SRB transmissions.
· RAN1 has already agreed “PRACH to PCell has the highest priority”.

· LS from RAN2 stating their working assumption is “The preamble transmission in the PCell is considered more important than preamble transmission in any other cell”.

· Allow faster UL synch for PUCCH transmissions.

· If at worst case the radio link connection with SeNB is lost, UE can still fallback to single carrier operation with MeNB. If this is not prioritised, UE may completely lose the RRC connection with the network then re-establishment will be necessary.
· For PCell PRACH due to resynchronization is important regardless of other cell's attempts times. Then it is up to UE implementation choice whether all PCell PRACH (regardless of reasons) is prioritized or only to prioritize PCell PRACH due to resynchronization reason. If the distinction of the reason is complex, all PRACH PCell can be prioritized.
Concerns:

· Often PCell PRACH is more important, but perhaps not always. Better to leave this to UE implementation to make decision.

	pSCell PRACH
	Reasons for support:

· pSCell is the PCell of SCG, therefore the PRACH on pSCell should be more important than the PRACH transmission in SCells of any CGs.
· Total delay pf pSCell activation is already long (>=115ms RAN4 agreement in R4-145379). Moreover, pSCell PRACH is affected by the potential RACH towards the PCell. In case random access towards PCell is to be carried out during the ongoing pSCell activation, it may introduce an additional delay.
· The advantage of explicitly prioritising pSCell PRACH over other PRACHs is so that pSCell PRACH is not dropped due to PRACH to other SCells and the basic connection between UE and SeNB is protected. Otherwise there can be undesirable consequences involving RRC procedure between MeNB-SeNB, such as slow activation of SCG, disconnection of SCG.

· To avoid consequences associated with S-RLF.

· Only two cells can have UE-initiated PRACH: PCell and pSCell. It is a clear evidence pSCell PRACH has merited similar treatment as PCell RACH. RACH on other SCells (MCG or SCG) can only be PDCCH-ordered. From RAN2 agreement “UE shall inform MeNB of random access failure associated with an SCG cell at least for the special Scell”, there is no harm of prioritizing PCell PRACH and SCell PRACH without further differentiating the reason of RACH.
Concerns:

· Very rare for pSCell PRACH to collide with a SCell PRACH in MCG. Even if happened and pSCell PRACH is dropped, S-RLF could be an acceptable outcome. It is rare because the following conditions all must be met:
· On the MCG, the UE is configured for CA with multiple TAGs,
· SCG pTAT of pSCell is not running, and the UE performs RA-SR (UL data arrival),

· MeNB triggers RACH on SCell of STAG of MCG,

· Both procedures overlap at least partially in time,

· PRACH resources are overlapped in time,

· The backoff timing for the UE-initiated RACH (on pSCell) matches the timing of the preamble retransmission of the other RACH procedure, and

· For all colliding preambles, the sum of the required transmission power exceeds Pcmax.

· If failure associated with pSCell is reported, the PRACH triggered by UE traffic (especially delay non-sensitive traffic) for pSCell is better to be delayed if UE receives PDCCH order in other SCell.
· RACH failure on pSCell triggers the S-RLF because the UE-initiated RACH on pSCell is the only case that the SeNB cannot detect itself i.e. failure of NW-initiated RACH on SCell can always be detected by the SeNB.
· UE-initiated RACH is supported only on the pSCell only for:
1) initial activation of SCG (RRC triggers MAC to initiate RACH) - MeNB is aware of the occurrence and timing for SCG initial activation and can thus avoid to aggressively schedule the UE in the MCG during that period.

2) SR for UL data arrival when the UE does not have a valid UL TA - most likely the UE will be kept UL time aligned and with D-SR when configured with SCG so that the UE-initiated SR will be rare.

	Leave to UE implementation
	Reasons for support:

· Only the UE has better knowledge of triggering condition of ongoing RACH procedures and can make a proper decision on RACH prioritisation. For example, a UE that is just starting a RA process towards the MeNB should not effectively drop an ongoing RA process towards the SeNB. UE may be about to lose connection to SeNB – only the UE knows this.
One RAN2 recognised scenario of RACH collision in Rel-11 MTA was: UE-initiated PCell RACH collides with PDCCH-ordered SCell RACH. This can happen for instance if the random access procedure on the PCell is UE initiated (i.e. contention based) due to resynchronization reasons or arrival of UL data; While the network has not yet noticed for which UE this random access is valid for. SCell RACH is ordered by the network. It should be clear that this case is inevitable by eNB scheduler. Finally, it was decided by RAN2 to leave it to UE implementation – that is MAC entity chooses one RACH procedure based on the conditions of parallel RACH triggering, because UE has a best knowledge of the conditions of the ongoing RACH procedure and can make a most appropriate decision.

Backing to DC scenario, one can simply consider SCell in above example is owned by SCG, then the same RACH collision event can happen and still is out of eNB control. Again, UE has better knowledge (e.g. attempts times, reasoning of RACH procedure) of the conditions of parallel RACH procedure and can make a better decision to prioritize one of them.
· Leaving to UE implementation can anyway result to what the proposal is suggesting to mandate by specification.

Concerns:

· No guarantee that PCell and pSCell connections will be maintained and that all UE implementation will have the same or proper priority rule.
· On the scenario of last-first PRACH collision, the UE can select a different random backoff timing (delay/postpone) for the last RA preamble transmission towards SeNB SCell since it is a re-transmission of RA preamble. On the other hand, if the RA procedure for the PCell is initiated by a PDCCH order, UE shall follow the RA preamble transmission timing as currently specified in 36.213. There is no issue in resolving this collision scenario.

· SR request is prioritized or PDCCH ordered SCell PRACH are no right answer on which one is prioritized. Deeper reason like type of the traffic in uplink or attempt can be used but it would be too much. If the distinction of the reason is complex, all PRACH PCell can be prioritized. PRACH triggered by (re)synchronization for pSCell is more important than PDCCH order of the other cells for the connection to be kept SeNB. On the other hand, the importance of pSCell (re)synchronization is less than PCell (re)synchronization. Random access failure is outcome of the failure of multiple attempt of PRACH. In case of (re)synchronization, the failure of PRACH attempt should be minimized. In case of PRACH triggered by UE traffic (especially delay non-sensitive traffic), PRACH resource is shared and the last trial of PRACH just before the failure reporting is also no big problem.
· If prioritise based on triggering condition or reasoning, e.g. resynchronisation/SR request/PDCCH order/UL data arrival/traffic type/no. of attemps, and leave these to UE implementation may be too complex. From the discussions so far, it seems important that UE should prioritise PRACH based on resynchronisation and attemps times. But how we can be sure that all UE behaves the same way in the network and always prioritise based on these two reasons. Additionally, how should UE make a decision when two colliding PRACHs have the same triggering condition/reason (e.g. resynchronisation). It is then based on the cell type (e.g. PCell or pSCell or SCell)? All these seems very complicated. To ensure correct UE behaviour in its implementation, RAN4 should then test UE against the above reasonings and pass it when it makes the right decision. In this case, we should also let RAN4 know how to prioritise among the different triggering conditions or RAN4 should have this discussion. It seems all these will add on additional efforts and testing complexity in RAN4. So it appears that all these reasons for distinction are too complex and we can smply prioritise PCell PRACH.

	MCG PRACH
	Reasons for support:

· It is beneficial to prioritise between PRACHs by PDCCH-order or UE-triggered to minimise PRACH drops assuming UE-triggered PRACH can be delayed.
Concerns:

· This means SCell PRACH of MCG has higher priority than pSCell PRACH. Then the basic connection to SeNB for PUCCH transmissions is not protected.

	All PRACH > other channels/signals
	Reasons for support:

· Same handling as in Rel-11 CA with multiple TAG.

Concerns:

· 


On this discussion, it was brought up that whether any priority rule that we define here just applies to the collision of PRACHs for different eNBs or also for collisions within the same CG. And RAN2 is now discussing whether to allow parallel PRACH within a CG or not. Based on the information of the discussion in RAN2, the latest proposal of WF was:
· PCell PRACH > other PRACHs > other channels/signals

· Priority among other PRACHs is up to UE implementation

· FFS whether this priority rule applies only to PRACH collisions across CGs or includes collisions within the MCG (if RAN2 allows parallel PRACH within a CG)
In light of further information RAN2 discussion that “RAN2 has discussed and agreed NOT to support parallel PRACH within a CG”, the final proposal of the compromised WF was:

· PCell PRACH > other PRACHs > other channels/signals

· Priority among other PRACHs is up to UE implementation

· This priority rule among PRACHs applies only to PRACH collisions across CGs
No agreement reached:
·  No conclusion in the second aspect (prioritisation among PRACHs).
4. Remaining open issues (FFS) in PRACH handling

During the email discussion on the second aspect, questions were raised on the handling of PRACH in one CG overlapping with PRACH or other channels/signals in another CG when UE is power limited. Different scenarios that should be considered as the next step include:

· PRACH of one CG overlaps with PRACH of the other CG having different or same priority.

· Both sync and async cases need to be considered

· PRACH of one CG overlaps with PUCCH/PUSCH/SRS of the other CG
· Both sync and async cases need to be considered

It is felt that generally understood (or a common understanding) that there is no ambiguity in the priority rule for the sync case, since the UE can anyway take into account of power requirement of both CGs before taking appropriate action(s) according to the priority rule. However, as pointed out by ALU/ASB, different interpretations are still possible in the async case:

Interpretation 1: In the power limited case, when a higher priority PRACH, the higher priority PRACH would use all the power needed to up Pcmax,c. This could cause other PRACHs/PUCCH/PUSCH to drop or scale down.
Interpretation 2: In power limited case, when a higher priority PRACH, the power of the ongoing transmissions of PRACHs/PUCCH/PUSCH remains unchanged. The higher priority PRACH can use up to all the remaining power.
However, several comments were raised on the look-ahead aspect of PRACH power requirements in the async case. 
Huawei: Regarding the non-look-ahead power allocation scenario, in order to guarantee the performance of PRACH, UE should allocate satisfied transmission power for PRACH. At least for PDCCH ordered PRACH, since the PDCCH triggering is 6 subframes before the PRACH transmission, UE could have enough processing time to calculate the UL transmission power according to channel priority. Since PDCCH ordered PRACH has 6ms between triggering and PRACH transmission, UE processing time reduction is not an issue to do look-ahead operation in asynchronous DC network.
LGE: It is our view that other channels or PRACH in different CG can be scaled (for non-PRACH channels) or dropped (interpretation 1). We assume that a UE can have information about PRACH transmission early (for example, PRACH by PDCCH order is known at least 6msec before the transmission).
NEC: For the async case, the question is more about whether the UE can look-ahead or not. If it is assume that UE can look-ahead of power requirement for PRACH transmissions, then Interpretation 1 is reasonable. If look-ahead cannot be assumed, then there can be two alternatives to interpretation 2.
Alt 1: Same as interpretation 2, that the power of the ongoing transmission of PRACHs/PUCCH/PUSCH remains unchanged. The higher priority PRACH can use up to all the remaining power.
Alt 2: In power limited case, when a higher priority PRACH, the ongoing transmissions of PRACHs/PUCCH/PUSCH can be dropped or scale down. The higher priority PRACH can use up to Pcmax,c.
Both alternatives are not ideal since Alt 1 would not be in line with the agreement we’ve just reached on power allocation for PRACH and Alt 2 is not in line with previous working assumption that there is no power control change in the middle of a subframe (unless we want to make an exception to this working assumption). Same as LGE, UE can always look-ahead of power requirement for PRACH transmissions in the async case as explained earlier (MAC layer triggering is 6ms earlier).
Qualcomm: On the earlier point made by Huawei on 6ms giving adequate time for the UE to perform look ahead, we have a different understanding. The additional 2ms time was added for a reason, namely to allow passing message contents across layers.  If there was time to spare then the 6ms processing time would not have been chosen to begin with. Therefore we don't believe the 6ms processing time allows for look ahead.
Panasonic: On look-ahead aspect of PRACH power requirement, we share the understanding from Qualcomm.
6ms processing time does not allow always look ahead because of inter-layer interaction within UE. 
For PRACH power shortage case, which is rare event, the other PUCCH/PUSCH power can be changed in the middle of a subframe. The behavior around such remaining channels is not so necessary to be specified detail.
ALU: We agree with Panasonic on that if there is no enough time budget to support look-ahead for PRACH, it would be ok to drop/scale down PUCCH/PUSCH in the middle of a subframe in order to transmit PRACH. This is supposed to be a rare event anyway, so it should not have much impact on the overall performance. So this can be leave to UE implementation, whether to support look-ahead for PRACH, or suppress other channels for PRACH. With this said, the issue of whether the UE can always support look-ahead for PRACH can be further discussed.
NTT DOCOMO: Regarding remaining FFS on PRACH handling, we have the similar views with ALU and Panasonic. We should not spend much time about whether look-ahead is available again, only for the PRACH. If we discuss which condition the look-ahead is available, we need to take into account all the combinations among five PRACH formats and PUCCH/PUSCH/SRS for both sync/async cases. Since the PRACH transmission is not frequent, how to ensure the power allocation to the PRACH having higher priority can be up to UE implementation, i.e., the UE should be allowed to drop or reduce the power of PUCCH/PUSCH or PRACH having lower priority in the middle of the transmission. It would not impact the performance so much.
Another FFS would be whether/how the PRACH power-scaling is performed if the PRACH is not successfully transmitted due to the dropping or power-scaling (and as a consequence if the RAR for the dropped PRACH is not correctly received within the window). At least, whether to inform the PRACH dropping (or power-scaling) to the MAC layer should be concluded in RAN1.

NEC: Regarding the remaining FFS on PRACH handling, we tend to share the same view as I am convinced by Fred, Sigen, Suzuki-san that it is not worthwhile to spend time on this which does not have much performance impact and not to concern with whether or not UE is capable of look-ahead. For simiplicity, we have the following scenarios and their solutions:

1. When overlap between PRACH and other channels/signals (e.g. PUCCH/PDSCH)

1-a: In sync DC, other channels/signals can use up to the remaining power ( meaning scale down so that total transmit power does not exceed Pcmax at any time).

1-b: in async DC, if the ongoing subframe which has earlier timing contains other channels/signals, it should be dropped.

1-c: In async DC, if PRACH subframe as earlier timing, other channels/signals can use up to the remaining power (same as 1-a).

2. When overlap between multiple PRACHs, lower priority PRACHs should be dropped regardless it is earlier/later/same timing and L1 is to indicate to MAC layer the dropping.

Note that, as a general rule, PRACH power cannot be scaled down as it is against the power ramping procedure/principle in 36.321. I believe this point has been mentioned several times in the past from myself and also from Jari. So it can only be dropped (from L1’s perspective) or postponed (from MAC’s perspective).

When dropping is applied for a PRACH (regardless it is an ongoing or not yet started), L1 should indicate to MAC layer to reschedule for another PRACH transmission if it is an UE-initiated RA procedure. Since this is UE L1 dropping of PRACH transmission (not an unsuccessful eNB detection of a PRACH transmission), there should be no increment in MAC retransmission counter and power ramping for the next transmission (this of course should be up to RAN2 to make this decision), as this is simply just a delay/postponing within the UE of a PRACH transmission. For PDCCH order initiated PRACH, L1 dropping would mean no retransmission of PRACH from the UE according to the current spec as it has a strict timing of using the next available PRACH resources after n+6 subframes. The consequence in this case would be eNB sending a PDCCH order for that cell again if needed.
Ericsson:
· We are not convinced it should be always dropping lower-priority PRACH. For example, delaying PCell PRACH is better if pSCell PRACH is for synchronisation reason, but PCell PRACH is due to UL data arrival.

Reply from NEC: It is rather complicated to dig into the triggering condition as there can be many different reasons for sending PRACH (e.g. resynchronisation/SR request/PDCCH order/traffic type/no. of attemps). It is not worthwhile to optimise PRACH priority rule as consequence to the performance impact is expected to be low. If UL data arrival in PCell is for SRB data and re-synchronisation in pSCell is for CSI reporting, I tend to think PCell PRACH is more important as this is also RAN2’s preference to protect SRB transmissions. Similar argument can be also made for other reasons. Also if RAN4 is going to test correct UE behaviour, it will dramatically increase the complication in test setup/configuration for the different triggering reasons.
· On L1 indicator to MAC: In general this is reasonable. However, the DC rule includes the CA case where one RACH is dropped due to a parallel RACH. In CA case, no such indicator is defined. We need to be careful so that the DC rule does not affect existing UE behaviour in CA.
Reply from NEC: In case of Rel-11 CA, the dropping of RA procedure is decided in the MAC layer to our understanding and that there can be only one RA procedure ongoing at a time. In DC, it is different as multiple PRACH may be allowed within a CG and PRACH dropping in L1 is due to power limitation. Therefore, new UE behaviour/handling due to these would be necessary in DC.  As already seen from RAN2 LS, PCell PRACH priority is already different to Rel-11. Therefore, if PRACH dropping in L1 is due to power limitation, then L1 would need to indicate this to the higher layer where it controls the overall RA procedure.
NEC: On the handling of overlapping when UE is power limited, bullet 1 can perhaps be up to UE implementation to decide scale down or dropping, and should take SRS transmissions into consideration as well. We updated the proposal as in the following:

1. For sync and async DC, it is up to UE implementation to scale down or drop other channels/signals (i.e. PUCCH/PUSCH/SRS) when PRACH and other channels/signals are overlapped and UE is power-limited.

a. Other channels/signals can use up to the remaining power

b. Total transmit power does not exceed Pcmax in any overlapped portion.

Panasonic: As 6ms is not always allowing look-ahead, we proposed the other PUCCH/PUSCH power can be changed in the middle of a subframe. Current description of "scaled down or dropped" means to mandate look ahead or not is ambiguous. If it is intentionally ambiguous, it may be good to clarify it like "look-ahead aspect is FFS" or "constant power aspect of the other channels/signals is FFS" and so on. 
On L1 indication to MAC, probably to discuss/determine what MAC behaviour is more important like "dropping means not increment PRACH transmission", "how retransmission is realized" and so on. If RAN1 intend to discuss these points, to discuss these points are more important for better understanding of big picture. If RAN1 expects to rely RAN2's expertise is better, it should be concluded these points should be decided in RAN2. If RAN2 agrees something to use the information of L1, L1 indication to MAC is rather modelling topic and it can be described in the L1 spec without additional agreement in RAN1. Therefore, instead of "LS is to indicate MAC layer the dropping", what topic should be decided in RAN2 (or RAN1) would be better.
NTT DOCOMO: On the first aspect, we share the view with Panasonic. If changing the power in the middle of a subframe is allowed, it should be clarified. If it is proposed to be FFS, Panasonic’s suggested description can be used. On the second aspect, we am fine with the Panasonic’s way forward that RAN1 will inform what are decided in RAN1 and what should be decided in RAN2. Important thing is that only 2 meetings remain. We think how the PRACH with lower priority is treated (dropped or power-scaled or postponed) and how RAN1 considers regarding the power-ramping for the PRACH are the topics that RAN1 can conclude.
InterDigital: For the issue of overlapping PRACH, there have been discussions on allowing the UE to change the power of ongoing transmissions dues to collisions with PRACH; this would go against a previous agreement. We also think that there are other alternatives, such as the following as discussed in R1-144215:

The UE may scale the transmission power of the initial preamble transmission for a PDCCH-initiated RACH procedure only if the time between the reception of the DCI and the first PRACH occasion is equal to Xms (FFS if X=6ms) when the UE would be otherwise power-limited due to overlapping transmissions.
In other words, we think that the issue is only when the UE is power-limited, only for the UE-initiated PRACH, only for the initial transmission, only when the first PRACH occasion is exactly (or close to) 6ms after the reception of the PDCCH order and only for a UE implementation that cannot perform look-ahead in this case; we find it acceptable to scale such PRACH transmission in this case given that look-ahead can always be performed for subsequent preamble retransmissions for the concerned RACH procedure. We think that this is preferable to other discussed alternatives.
Huawei: For the first point, we have concern on changing the power in the middle of the low prioritized subframe. It would cause trouble to 16QAM demodulation and orthogonality issues for DMRS and PUCCH for all multiplexed UEs.

Regarding the PDCCH triggered PRACH, we still think this case could have enough time to process the power allocation for early subframe since UE can start in parallel the power calculation for the earlier subframe with the knowledge that there is PRACH in the latter subframe. UE only needs to take PRACH power into account during the power calculation for the channels in the early subframe. It should need much less processing time than normal look-ahead to calculate other UL transmission channels.

Therefore, we are ok with NEC’s proposal that it is up to UE implementation to scale down or drop other channels/signals when PRACH and other channels/signals are overlapped and UE is power-limited.  Besides this, we also need to confirm that power control changes are not allowed one carrier in the middle of subframe in asynchronous case in dual connectivity.
NEC: On the proposal for the handling of overlapping, three main discussion points has been raised, namely:

· Whether or not look-ahead is assumed for PRACH?

· Whether or not other channels/signals (PUCCH/PUSCH/SRS) power can be changed in the middle of a subframe?

· What topic(s) should be decided in RAN1 and RAN2 relating to L1 dropping of PRACH to avoid LS Ping-Pong between the two WGs? E.g. L1 is to indicate MAC layer the dropping, L1 dropping due to power limitation means no increment in PRACH transmission counter and power ramping for the next transmission if it is a UE-initiated RA procedure, MAC layer to drop the whole RA procedure if it is initiated by a PDCCH order, and so on.

For the first two bullets, there are still different opinions among the companies so far. Therefore we would like to update our proposal as follows:

Proposal 1:  For sync and async DC, it is up to UE implementation to scale down or drop other channels/signals (PUCCH/PUSCH/SRS) when PRACH and other channels/signals are overlapped and UE is power-limited.

a. FFS whether it is feasible for UE to always look-ahead of PRACH power requirement or in what scenario or condition UE is/is not able to look-ahead (e.g. MAC triggering >= X ms, PDCCH order initiated 6ms in advance means insufficient to look-ahead, and etc).

b. FFS whether or not other channels/signals (PUCCH/PUSCH/SRS) power can be changed in the middle of a subframe when overlapped with PRACH. If yes, should the power change apply to a whole symbol or can be applied to partial symbol? Should dropping only be applied to DMRS and PUCCH to avoid the orthongonality issue (i.e. no scale down for DMRS and PUCCH, but can be applied to PUSCH.

Comments from Panasonic: Although current above FFS covers well, our interpretation of the available options are one of the following.
option 1) always mandate look ahead related to PRACH
option 2) UE is allowed to change in the middle of the subframe
option 3) it is up to UE implementation choice between option 1 and option 2.
option 4) To scale down/drop PRACH in critical condition (?? Is it correct understanding of InterDigital's proposal?)

Reply from NEC: We see option 1 would be the simplest option in terms of RAN1 work and spec impact. For option 2, our interpretation is UE sometimes can but other times cannot look-ahead. But we don’t specify the condition. For this case, we don’t need to answer the above bullet a but we will need to answer bullet b. For option 3, we think UE implementation always has the choice of always look-ahead if it is capable of doing so. This is also true in option 2. So we see option 3 is the same as option 2.
Reply from InterDigital: The proposal is essentially to relax the requirement for the prioritization of the PRACH when the initial preamble transmission collides with an on-going PUCCH/PUSCH transmission, only when the preamble is transmitted exactly 6ms after the reception of a PDCCH order. We can safely assume that look ahead can always be performed for the initial transmission of a preamble that is more than 6ms after the PDCCH order AND also for any retransmission of a preamble.

We think this relaxation will have insignificant impact on performance as it would only incur a delay of one PRACH transmission only in the following corner case:

- The preamble is the first preamble transmission after PDCCH order; AND

- The preamble would otherwise have been successfully received by the eNB without applying any power ramping; AND

- The UE is power limited due to transmission in the other CG; AND

- The PRACH resource is available at exactly 6 ms after the PDCCH order (which can always be avoided by scheduler)

Reply from NEC: If we understand correctly, InterDigital’s proposal is “option 1” can be used almost all the time except the case when PDCCH order initiated preamble transmission is exactly 6ms. But even then, eNB scheduler can always avoid the exactly 6ms timing of PRACH resources, by possibly sending the PDCCH order earlier by a few subframes. So in the end, we will not need to take care of this corner case of exactly 6ms PRACH initiated by a PDCCH order. Then we can go with just “option 1”?

In our view, the alternative of forcing scaling or dropping of PUCCH/PUSCH at an arbitrary time within the subframe is not desirable from a UE transceiver implementation perspective. Currently the transmission power can only be changed according to a specific timeline (e.g. at slot boundaries or for SRS). Making an exception to this for PRACH would require introducing new logic to this process for a corner case.

Essentially, we prefer performing the above described relaxation than mandating the UE to modify its RF implementation to change the power level of ongoing PUCCH/PUSCH transmission in this rare case.

Comments from LGE: Regarding proposal 1, it seems the proposal and FFS points may have some conflict. For example, if we agree that look-ahead is feasible for all cases or some cases, We are not sure whether that is purely based on UE implementation. To us, up to UE implementation can be also one option.
c. Other channels/signals can use up to the remaining power

d. Total transmit power does not exceed Pcmax in any overlapped portion.

For the third bullet, I think we can first agree to “when overlap between multiple PRACHs, lower priority PRACHs should be dropped (from L1’s perspective) regardless it is earlier/later/same timing”. Then we can discuss what actions and topics should be discussed and split between RAN1 and RAN2. Therefore, the next proposal is:

Proposal 2: When overlap between multiple PRACHs and UE is power limited, lower priority PRACHs should be dropped (from L1’s perspective) regardless it is earlier/later/same timing.

I. FFS whether L1 needs to indicate MAC layer the dropping.

II. L1 dropping due to power limitation, the followings are FFS:

· MAC layer should reschedule next PRACH transmission for the same cell if it was UE-initiated RA procedure.

· No increment of PREAMBLE_TRANSMISSION_COUNTER and power ramping for the next PRACH transmission.

· MAC layer to drop the whole RA procedure if it is initiated by a PDCCH order
Comments from Panasonic: We interpreted "dropped (from L1 perspective)" means "dropped or postponed". 
Although there were comment that power scaled PRACH has the issue on the interaction to further procedure, we didn't understand this issue well. Even UE transmission power of PRACH is less than intended, sometimes it pass or it does not pass thanks to the fading. To scale down has critical problem? Note that even power is scaled down in this case, next trial of PRACH could be as if no scaled down. Then the behaviour looks similar to drop.

Reply from NEC: Yes, your interpretation is correct/same as our intention. We don’t prefer to scale down of PRACH transmission power, as it is calculated based on some target received preamble power at the eNB and the pathloss. So it is already a minimum transmission power that should be allocated to PRACH that would be barely sufficient to meet the criteria. If there were multiple UEs transmitting PRACH at the same time (contention based), this minimum tx power may not be sufficient due to interference, and hence the power ramping. If power scaling is applied to the final PRACH tx power in L1, this PRACH transmission will most likely to fail. Then we much prefer to drop this PRACH transmission (from L1’s perspective) / postpone (from MAC layer’s perspective).
It seems like sub-bullet (I and II) could be discussed and decided in RAN2. However, our view is that we should at least ask RAN2 if sub-bullet (I) is needed from RAN2’s perspective. In this way we can minimise the LS Ping-Pong.

Comment from Panasonic comment: On the first point, if "I" is necessary to be decided, our suggestion would be, instead of FFS, "L1 can indicate the dropping situation to MAC if RAN2 see the need of the indication".

Reply from NEC: We agree with the suggestion to change “I” to “L1 can indicate the dropping situation to MAC if RAN2 see the need of the indication” is better.

Reply from InterDigital: Regarding interactions with the MAC layer, currently the MAC sets the target power PREAMBLE_RECEIVED_TARGET_POWER for the preamble transmission and L1 sets the final transmission power according to PPRACH = min{Pcmax,c(i), PREAMBLE_RECEIVED_TARGET_POWER + PLc}[dBm]. When the UE is power limited, the UE might already use in practice a transmission power that is less than the value indicated by the MAC. We thus also think that there is no need for L1 to interact with the MAC layer if the initial preamble transmission is scaled or dropped.

Reply from NEC: Yes, it is true that PRACH transmission power is limited by Pcmax,c(i), and in the end the final PRACH transmission power P_PRACH may be less than less than the value indicated by the MAC. We would then think, in this case, the UE should not be configured with DC since the UE is in a bad channel condition and the pathloss is large and the UE will not be able to (re)establish UL sync for this cell. On the L1 interaction with the MAC, we understand in the earlier releases there is no need to send any indication to the MAC layer as RA preambles are never dropped in L1. At most it is limited by Pcmax,c(i) and in power limited case other channels/signals are scaled down or dropped. In DC, since simultaneous PRACH is allowed (one for each CG), there is a real possibility that lower priority PRACH will be dropped in L1 due to power limitation. When this happens, it is due to UE-self-power-limitation (not due to no reception of RA response from the eNB), an indication to the MAC layer would allow immediate rescheduling of next preamble transmission in L1 (if UE-initiated RA procedure) or terminate the RA procedure (if PDCCH ordered) without having to monitor RA-RNTI scrambled RA response from the eNB and wait for ra-ResponseWindow to expire. An indication to the MAC layer would also avoid unnecessary selection of a random backoff timing and power ramping procedure.

Question from LGE: We are generally fine with proposal 2. Just one minor question regarding RACH procedure drop (3rd option) for PDCCH order, is there any reason to drop RACH procedure initiated by PDCCH order? We are wondering why that option needs to be considered.

Panasonic: NEC’s thinking that the network always triggers PDCCH order earlier than 6ms is interesting. We think it is possible PRACH resource once in a 10ms frame. We’re not so clear whether it is feasible in other condition. Another (or equal to Paul?) possibility is UE may not respond PDCCH order within 6ms in critical condition InterDigital mentioned. 
We understand NEC's explanation not to prefer scaled down.  We’re fine to drop (from L1 perspective) in order to reduce interference to PRACH resource caused by scaled down PRACH. On the other hand, if this situation is very rare, it may be no difference between scaled down or drop in the reality. 
We also think immediate stop PRACH procedure after PRACH power shortage is a bit too sensitive interaction.
4.1. Summary
Based on the above detailed discussions, the followings summarise the key FFSs and proposals for handling overlap between PRACH with other channels/signals (i.e. PUCCH/PUSCH/SRS) or PRACH of the other CG in synchronous and asynchronous DC, when UE is power-limited.

FFS_1: Whether it is feasible for UE to always look-ahead of PRACH power requirement or in what scenario or condition UE is/is not able to look-ahead (e.g. MAC triggering >= X ms, PDCCH order initiated 6ms in advance means insufficient to look-ahead, and etc).
· Option 1: always mandate UE to look ahead related to PRACH
· Option 2: power is allowed to change in the middle of the subframe
· Option 3: it is up to UE implementation choice between option 1 and option 2
· Option 4: to scale down/drop PRACH in critical condition (i.e. PDCCH ordered PRACH and PRACH resource is available at exactly n+6 subframes later). For all other conditions, Option 1 is applied.
FFS_2: If UE is allowed to change power in the middle of the subframe, how to handle the orthongonality issue in DMRS and PUCCH to different UEs.

· Option 1: Only dropping (no power scaling) can be applied to DMRS and PUCCH. For PUSCH, both dropping and power scaling can be applied.
FFS_3: What topic(s) should be decided in RAN1 and RAN2 relating to L1 dropping of PRACH due to power limitation?
· L1 indication to MAC layer:

· Option 1: L1 can indicate the dropping situation to MAC if RAN2 see the need of the indication.

· Option 2: L1 indication to the MAC layer can be handled within UE implementation, no need to specify/described at least in RAN1 specs.
· RA procedure in MAC:

· Option 1: RAN1 to conclude it is feasible in the MAC layer that 

· no increment in PRACH transmission counter and power ramping is necessary for the retransmission (if UE-initiated PRACH)

· MAC layer to drop the whole RA procedure (if PDCCH order initiated PRACH). MAC layer can start immediately an UE-initiated RA procedure for the same cell or wait for eNB to send new PDCCH order.
· Option 2: RAN2 to decide for both cases 
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