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1 Introduction

The NR-U WID [2] has the following objectives:


-
NR-U Discovery Reference Signal (DRS) containing at least SS/PBCH block burst set transmission and possibly CSI-RS, RMSI-CORESET(s)+PDSCH(s), OSI and paging with properties and extensions from NR Rel-15 in line with the agreements during the study phase (TR 38.889, Section 7.2.1.2). 60kHz based SSB/PBCH block is outside the scope of the WI.

- 
Initial access: specify required NR modifications to increase the maximum number of candidate SS/PBCH block positions within the DRS transmission window; to handle reduced SS/PBCH block and RMSI transmission opportunities due to LBT failure; to determine frame timing and QCL assumptions from the detected SS/PBCH block; single SS/PBCH block numerology assumed per band for Pcells in unlicensed spectrum. (RAN1)

- 
Random access: specify required NR modifications to enhance RACH procedure in line with the agreements during the study phase, including 4-step RACH modifications to handle reduced Msg 1/2/3/4 transmission opportunities due to LBT failure (RAN1/RAN2); LBT for 2-step RACH and application of PRACH and PUSCH format improvements for NR-U to 2-step RACH. (RAN1 

-
Scheduling request: specify required NR modifications due to LBT failure in line with agreements during the study phase. (RAN1/RAN2)

- 
RLM/RRM extensions for NR-U operation due to uncertain and reduced transmission opportunities for DL signals and channels due to LBT failure in line with agreements during the study phase (NR-U TR section 7.2.1.3.2), including configuring different DRS Measurement Time Configuration (DMTCs) for RRM and RLM respectively, identifying the set of RLM-RSs to measure, which set(s) are used for in-sync, out-of-sync evaluations, potential definition of a metric to accurately identify unsuccessful detection of RLM-RS. Support RSSI reporting. Define a metric to measure channel occupancy or medium contention and its corresponding reporting. (RAN1/RAN2)

During the SI, multiple agreements were reached on the above and are included in 38.889 [1]. In this contribution, we further discuss SSB, DRS, 4-step RACH, SR enhancements, RLM/RRM and paging.
2 Discussion
2.1 4-step RACH

During the NR-U SI [1], 4-step RACH enhancements were discussed. One of the main issues with 4-step RACH in unlicensed spectrum is the need to acquire the channel prior to every step. This can add to initial access latency. Such latency is especially affected if the preamble transmission is delayed due to failed LBT. That is because in legacy NR systems, PRACH resources are semi-statically configured and thus cannot take into account the varying channel access probability of the unlicensed channel. It was therefore agreed during the SI to enable RACH resource enhancements in NR-U. the following is included in [1]:

For potential RACH resource enhancements, the following options have been identified for NR-U, beyond the flexibility already available in Rel-15, but consensus was not achieved. These options may be further considered when specifications are developed:

-
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

Providing additional PRACH resources within a gNB-initiated COT is beneficial in unlicensed spectrum, given other pre-configured PRACH resources require considerable time for the UE to acquire the channel. Multiple UEs attempting LBT prior to a certain RACH occasion can lead to blocking, as a single preamble transmission from one UE may block other UEs from acquiring the channel. Therefore, the PRACH capacity can be reduced within one PRACH resource if imperfect time alignment among different UEs leads to blocking by the UE transmitting PRACH preamble at the earliest time. 
Considering the options present in 38.889 for time-domain RACH enhancements, providing additional PRACH resources by paging can be inefficient, as the same paging message is transmitted by all cells in the same tracking/paging area. Further, it worth mentioning that mapping SSBs-to-RO is already possibly by RRC configuration in R15. Therefore, triggering of additional PRACH resources by DCI and DRS should be supported to provide additional PRACH resources for UEs in connected and IDLE modes, respectively. Both methods could enable COT sharing between the PRACH resource trigger and the preamble transmission, and thus reduce inter-UE blocking.

Proposal 1:
PRACH resources can be triggered dynamically by the reception of a DCI or DRS transmission.

The LBT required for the transmission of PRACH preambles can depend on the presence or not of a PRACH resource trigger signal, and also the type of trigger. For example, for a PRACH resource configured semi-statically and not dynamically triggered, the UE could use a CAT 4 LBT. On the other hand, for a PRACH resource triggered by DCI or DRS, Cat 1 or Cat 2 LBT could be used per LBT rules in [1] for a PRACH transmission within a gNB-initiated COT. 

Improving NR-U RACH performance by using diversity
It was agreed that LBT is performed in units of 20 MHz, at least in subbands shared with WiFi. When the NR-U carrier is composed of multiple LBT subbands, it can be beneficial to perform multiple LBT attempts on different subbands within the active BWP prior to PRACH preamble transmission. This creates channel selection diversity and reduces the probability of the channel being occupied, and thus reduces PRACH preamble transmission delay. After performing LBT on multiple subbands, the UE selects a subband on which LBT was successful to perform a single PRACH preamble transmission, and may further abort LBT procedures on other subbands not selected for preamble transmission.
Proposal 2:
The UE supports performing multiple independent LBTs on different LBT subbands prior to PRACH preamble transmission. 

In NR-U, UE needs to perform LBT before sending PRACH preambles. Mapping RACH occasions right after SS/PBCH could reduce number of LBTs. Since UE can detect SSB or decode PBCH, UE could assume no interference, no hidden node, etc., thus there may be no need to perform LBT. Upon correct reception of a SS/PBCH block for the UE, UE could skip LBT and immediately proceed with the PRACH transmission in response to the received SSB. If UE selects the RACH resource immediately after SS/PBCH block, the gap between DL/UL switching is small, then UE could send preambles without LBT. 
Proposal 3: PRACH transmission right after SSB detection without LBT should be considered in NR-U for latency reduction. RACH resources can be used immediately following detection of DRS transmission.
In NR UE could perform power ramping for preamble transmission. However, in NR-U, due to channel uncertainty, for example, the channel unavailability arising from LBT and hidden nodes, UE may not need to perform power ramp up in NR-U, since power ramping could not always help but cause more interference. In unlicensed band, the failure of receiving RAR is not always caused by low transmitting power or selective fading, but can also be caused by the interference from hidden nodes e.g., Wi-Fi. In this case, the power ramping of Msg1 may not always be helpful. The unnecessary power ramping of Msg1 can cause interference to gNB and degrade the performance of gNB for receiving other UE’s Msg1.

If not receiving RAR is caused by channel fading, UE could ramp up Msg1’s transmission power. On the other hand, if not receiving RAR is caused by hidden nodes, UE could retransmit Msg1 without power ramping. In order to mitigate the impact of hidden nodes to RAR receiving, NR-U could consider transmitting the RAR multiple times within the RAR window. In this case, for each transmission of Msg1, there are more than one opportunities to receive the RAR. Only when all RAR reception opportunities failed, UE will fail RAR reception. 
Proposal 4: If failure of RAR is caused by hidden nodes, UE should retransmit preamble without power ramping.

2.2 SR Enhancements

Configuration of resources for SR represents a trade-off between latency and capacity from the network’s perspective. For NR-U, the transmission of an SR can be delayed significantly when the load or the channel occupancy is high, especially when SRs can only be transmitted periodically and/or using predetermined resources in time. In such case, it may be further challenging for the network to match the allocation of resources with the LBT/channel acquisition to mitigate access latency.

Therefore, it may be desirable to support means for the UE to obtain resources and/or transmit SR asynchronously, possibly in addition to existing PUCCH resource allocation. For example, the network can indicate or schedule additional PUCCH resources for UCI or SR to one or more UEs within a COT, either with reduced or no LBT. Such SR transmission can conform to LBT rules mentioned in [1] for a PUCCH transmission within a gNB-initiated COT, e.g. where LBT type 1 can be applied when the gap from the end of the DL transmission to the start of the PUCCH transmission is 16 s; while LBT type 2 is used when the gap is larger and the PUCCH transmission is not followed by a DL transmission within the same COT that’s initiated by the gNB.  

Proposal 5:
Support SR transmission on additional PUCCH resources provided by the gNB within a gNB-initiated COT


For SR transmission on pre-configured PUCCH resources, the COT can be initiated by the UE. TR 38.889 suggests applying full LBT (Cat 4 LBT) for a PUCCH-only transmission in a COT initiated by the UE with the lowest channel access priority class value, or potentially Cat 2 LBT in certain cased that are FFS [1]. 
In NR, more than one SR configuration can be configured by RRC for a UE supporting services of different latency and/or reliability requirements, where each logical channel is configured to map to at most one SR configuration. In such context, it makes sense to consider applying different LBT configurations or LBT types, depending on the SR configuration/PUCCH resource selected for the SR transmission or the logical channel that triggered the SR. 
2.3 RLM

In connected mode, a UE needs to perform radio link monitoring on SpCell to detect when it loses connectivity to the network and initiate radio link failure (RLF). If the SpCell is on an unlicensed carrier, one problem is that some instances of the RS on which radio link monitoring is performed (RLM-RS) may not be transmitted by the network due to failure of accessing the channel. 

If the UE is unaware of whether an RLM-RS was transmitted, it may incorrectly determine that radio link problems occurred and prematurely initiate RLF. To mitigate this issue several mechanisms should be investigated. 

During the SI, the following was agreed [1]:

For RLM on an unlicensed SpCell and RRM, it is considered beneficial to configure DMTCs (DRS Measurement Time Configuration) in which UEs can perform measurements. It is considered beneficial that these time-domain measurement windows for RRM measurements and RLM can be different. RLM DMTC may coincide with DRS transmission window. For RLM, the following recommendations are considered beneficial for further design when the specifications are developed:

-
Identifying a set of RLM-RS, e.g., DRS, SS/PBCH blocks, CSI-RS. The transmission of the RS in a COT may be subject to LBT.

-
Identifying which set(s) of RLM-RS are used for in-sync and out-of-sync evaluations. For example, determining which RLM-RS within or outside the RLM measurement window can be utilized for in-sync and out-of-sync evaluations.

-
Potential definition of a metric, e.g., Rel-15 out-of-sync indication or new metric, to accurately identify instances of unsuccessful detection of RLM-RS. Whether/how to report such a metric to higher layers is determined when the specifications are developed.

The network could configure higher values of the N310 counter or T310 timer to avoid premature RLF when several RLM-RS instances are missed due channel access failure. However, as this generally tends to delay recovery from a bad link, it would be preferable that the UE only applies this configuration under high load conditions. One solution could therefore be to configure two sets of RLM-RS resources and parameters. The UE then uses one set or the other depending on channel occupancy. The additional RLM-RS resources could also be used to enable faster recovery (in-sync) under high load.

Another possibility is that the UE is required to distinguish between an out-of-sync instance due to low channel quality and an out-of-sync instance due to RLM-RS not transmitted. The UE could maintain two counters such that RLF can be declared due to bad link or RLF could be declared due to channel load being too high. To ensure the ability of differentiating between the cases of OOS and RLM-RS DTX, one could consider introducing signalling (e.g. from PDCCH) or other indication from the network that a previous RLM-RS instance was missing.

Proposal 6:
Consider mechanisms to assist identification of missed RLM-RS samples due to channel access failure. Missing RLM-RS should not be treated as equivalent to OOS.
Proposal 7:
Enhance RLM to adapt to different load conditions.
When the load is very high it is possible that the delay to access (i.e. transmit on) the channel from the UE perspective doesn’t allow the UE to meet its QoS requirement. In NR, the UE can determine RLF in case of RACH failure or excessive RLC retransmissions. However, such triggers may occur too late in an NR-U scenario where load conditions can increase unexpectedly. For this reason, an additional RLF criterion that triggers when the UE fails to access the channel repeatedly (or for an extended time) should be supported. The exact nature of the trigger can be further studied.
2.4 RRM

To improve connectivity in NR-U, it is beneficial to reduce the link failures caused by channel load. In LTE, channel occupancy is determined from RSSI measurements. At RAN1 #94 it was agreed that it is beneficial to support reporting of RSSI for NR-U. Given that NR-U may operate on a wideband that can cover multiple 20MHz LBT subbands, it is desirable that RSSI and CO be measurable and reportable per subband.

Proposal 8:
The measurement and reporting of RSSI and Channel Occupancy is done per subband.

During the SI, the following was agreed [1]:
It is beneficial to support reporting of RSSI. Furthermore, it is considered beneficial to report a metric to represent channel occupancy or medium contention in addition to RSSI, as also noted from a higher-layer perspective in Section 7.2.2.3.1. The exact definition of the metric(s) can be considered when specifications are developed.
In LTE, the channel occupancy was determined as a percentage of instances when the RSSI is above a threshold. This definition is still valuable in NR, at least for a serving cell. However, it has been discussed in RAN2 that CO may also be beneficial as a measurement to be reported for neighbouring cells, for example to enable efficient cell and channel load balancing. The legacy definition of CO may be too computationally intensive for neighbouring cells, and as such a new CO metric may be required for such purposes. For example, the number of SSBs detected in a frequency could be reported and used by the network as a proxy to determine the channel load.

Proposal 9:
Channel Occupancy measurements should be reported and can be defined differently for serving cells and for non-serving cells.

2.5 Paging

During the SI, it was agreed that

Modifications to paging procedures due to reduced transmission opportunities for paging due to LBT failure are beneficial and have been identified and studied. It is therefore considered beneficial to enhance paging opportunities using the following mechanisms:

· Increased time-domain paging occasions or paging monitoring occasions.

· This can enable additional paging occasions outside of DRS.
An increase in paging monitoring occasions can improve the reliability of paging, but comes at the expense of reduced DRX and thus increased UE power consumption. There should therefore be means to enable a more dynamic adaptation of the paging monitoring occasions or paging occasions based on the current channel load. To enable this, the UE can be configured with conditional paging occasions, possibly located in conditional paging frames. Such conditional paging occasions can be monitored by the UE only if a condition is met. For example, if the UE does not receive a paging message in a regular paging occasion in a paging frame, the UE can monitor a conditional paging occasion in the current or a future paging frame. This ensures that UE reachability is maintained at limited cost to the UE power consumption.
Proposal 10:
A UE can be configured with conditional Paging Occasions. The UE monitors the conditional Paging Occasion only if triggered by a condition being met.
2.6 SSB Transmission

Due to unsuccessful LBT, one or more SS/PBCH Blocks may have to be dropped at certain time instances. How to continue with the SS/PBCH Block burst set transmission due to LBT failure is a key issue. 

In this section we discuss the following three examples/alternatives and their pros and cons. 

· Alt-1: Shift entire burst set in time to the next transmission instance

· Alt-2: Truncate the start of the burst set and cyclically wrap the dropped SSB indices around to the end of the burst set transmission

· Alt-3: Network to flexibly schedule SSB index and indicate the timing information

In 30 kHz SCS configuration, there are 10 Slots in one half frame. Hence there are 20 SSBs for DRS transmission occasion in a half-frame or 40 SSBs for DRS transmission occasion in a radio frame. DRS of 8 SSBs occupy 2mS. Hence in this configuration for the first alternate, up to 32 offsets may be needed in 1 Radio frame (40 Occasions in a Radio frame - 8 SSB), where SSB could be shifted and the NR SS-Burst structure could be preserved. 

Similarly, 60 kHz configuration includes 20 Slots in a half frame. Hence there are 40 SSBs for DRS transmission occasion in a half frame or 80 SSBs for DRS transmission occasion in a radio frame. DRS of 8 SSBs could Occupy 1mS. Hence, up to 72 Offsets could be used in a radio frame or 32 offsets could be used in a half radio frame. Hence, 5 bits could be included in PBCH to indicate the offsets of DRS-Burst-Set. 

Above, we assume that continuous transmission for 1mS is possible. Considering pattern 2 and Case C, for 30 kHz SCS the gap between 2 SSB in same slot is 71.43uS and the gap between 2 SSB across the slot is 142.86uS in case of pattern 2 and Case C. For 60 kHz SCS the gap between 2 SSB in same slot is 35.71uS and gap between 2 SSB across the slot is 71.43uS. The gap is larger than 25uS. If RMSI/OSI/Paging is not scheduled in that DRS due to different periodicities, or if PDSCH are not transmitted, contiguous transmission may not be possible. LBT may need to be performed. 

In the second alternate, we could truncate the start of the SS/PBCH block burst set for LBT failure and cyclically wrap the dropped SSB around to the end of the burst set transmission. In this design, UE computes an effective SS/PBCH block index given by the detected SS/PBCH block index modulo by N. The effective SS/PBCH block index is used instead of the detected SS/PBCH block index for all the other purposes. The only exception is frame timing for which the UE would use the actual detected SS/PBCH indices, not the effective indices. The value of N could be signaled in RMSI. A default value of N depending on the sub-carrier spacing could be used for initial access. In this alternate, SSB could be transmitted at original candidate location of the NR. If not transmitted at original location, then it needs to be indicated for timing offset. If the burst locations are same as NR, in this alternate there are gaps of 71.43uS between 2 candidate locations in the same slot and 142.86uS across the slot for 30kHz SCS. 

In the third Alternative, mechanism could allow network to flexibly position SSB index and indicate the timing information. In this mechanism multiple associations could be defined between DRS/SSB occasions and the SSBI. Many such association could be tabulated or computed using function. One of the configuration could be selected from these associations. Hence, a slot and symbol location is not associated with a pre-determined SSB index but rather it is up to the NW to schedule a certain SSB index (from a small set of possibilities) in a slot and symbol location. In this approach, the network can control the frequency of the different SSB indices that are transmitted post-LBT over a longer term. Multiple tables for the association between DRS/SSB and SSBI could be defined, which could be based on sub-carrier spacing. The table could be indicated in RRC. There could be many associations. One SSB location can use different indices. Signalling may need to be used for unambiguously identifying the used DRS and hence to find the timing using the SSBI. RMSI, OSI and Paging association and multiplexing pattern 1 (TDM) could be pre-defined for each of the configuration to be used. CSI-RS could be multiplexed to assure time continuity as well.
Proposal 11: Alt-1, 2 and 3 can be used as a starting point for further discussion on SS/PBCH block transmission. Alt-2 is preferred. 

2.7 Frame Timing Acquisition

In NR-U SSB could change in time location or could be time shifted due to channel uncertainty or LBT failure. A time shift or time offset can be included in SS/PBCH block so that when UE detects SS/PBCH block, UE can obtain such time shift or time offset. In combination with SS/PBCH block index, UE can obtain the timing information for required timing. Alternatively, time shit or time offset is not used. Instead, multiple SS/PBCH transmission occasions are used to cope with LBT failure. A SS/PBCH transmission occasion time index can be introduced and used. SS/PBCH transmission occasion time index could be included in SS/PBCH block. When UE detects SS/PBCH block, UE can obtain both SS/PBCH transmission occasion time index and SS/PBCH block index. With SS/PBCH transmission occasion time index in combination with SS/PBCH block index, UE is able to obtain necessary physical and system timing information. For example, using SS/PBCH transmission occasion time index in combination with SS/PBCH block index, UE is able to obtain the timing information for frame boundary, subframe boundary, slot boundary and/or symbol timing.

SS/PBCH block transmission occasion and SS/PBCH block time index for NR-U is depicted in Figure 1. There are L SS/PBCH block (SSB) associated with each SS/PBCH block transmission occasion. SS/PBCH blocks are indexed with SSB index 0, 1, …, L-1. There are M SS/PBCH block transmission occasions. They are indexed in time using SS/PBCH block transmission occasion time index 0, 1, …, M-1. LBT could be performed starting with SSB0 of SS/PBCH block transmission occasion 0. If LBT succeeds, SSB could be transmitted. If LBT fails for SSB0, it could continue with SSB1. If SSB1 succeeds LBT, SSB1 could be transmitted. However, SSB0 may need to be retransmitted in next SSB0 time location in next SS/PBCH block transmission occasion (e.g., SS/PBCH block transmission occasion 1). When UE detects SSB0 in SS/PBCH block transmission occasion 1, if UE does not have information for SS/PBCH block transmission occasion time information, there is ambiguity for the location of SSB0 since UE does not know in which time location the SSB0 is detected. With such ambiguity, UE cannot obtain the required timing information. Therefore, SS/PBCH block transmission occasion time index and associated SS/PBCH block time index should be included in SS/PBCH block to deliver the required time information.


[image: image1.emf]SS/PBCH block 

Tx Occasion 0

SSB

0

SSB

1

...

SSB

L-1

SSB

0

SSB

1

...

SSB

L-1

SSB

0

SSB

1

...

SSB

L-1

SSB

0

SSB

1

...

SSB

L-1

SS/PBCH block 

Tx Occasion 1

SS/PBCH block 

Tx Occasion m

SS/PBCH block 

Tx Occasion M-1

Time

Freq


Figure 1 SS/PBCH block transmission occasion and SS/PBCH block time index for NR-U
Proposal 12: SS/PBCH block transmission occasion time index and associated SS/PBCH block index can be included in SS/PBCH block to allow UE to derive required timing information. 

2.8 DRS Transmission Shift Granularity

Due to LBT failure the SSB/DRS in SS-Burst-Set is shifted as is or cyclically rotated and shifted. The total duration of this possible shift in burst is similar to one complete SS-Burst-Set duration. For example, for higher SCS, e.g. 60kHz and low value of L , e.g. L =8, the SS-burst-set duration is 1mS using current NR structure. In this case the entire SS-Burst-Set could shift in time due to LBT up to maximum 1mS. If the maximum shift is larger, UE complexity for receiving SSB/DRS could increase as UE has to monitor for SSB in every slot due to uncertainty. Hence, in this design, at the transmitter, it is expected that the channel to be available in 1mS. 

However, if this is high traffic scenario, the channel may not be free within 1mS and hence gNB could not transmit the DRS/SS-Burst-Set until next opportunity, which could be 40mS later. Also in this design, gNB checks channel at every potential SSB location, which happens approximately 10 times in 1mS. This granularity of 1/10 mS also could be too low and too frequent for performing LBT. Groups of SSBs can be considered for shift granularity to reduce signaling overhead. In a more dynamic solution, the granularity of shift (or the density of the transmission occasion) could be variable duration based on the load/traffic (or level of busyness of the channel). The granularity can be as high as 8, in case where SS-Burst-Set occupies 1mS. For example, L = 8 and SCS = 60kHz. 
Proposal 13: Groups of SSBs can be considered for shift granularity to reduce signaling overhead.

3 Conclusion
This contribution discusses issues tied to initial access and mobility in NR-U. We propose the following:
Proposal 1:
PRACH resources can be triggered dynamically by the reception of a DCI or DRS transmission.

Proposal 2:
The UE supports performing multiple independent LBTs on different LBT subbands prior to PRACH preamble transmission. 

Proposal 3:
PRACH transmission right after SSB detection without LBT should be considered in NR-U for latency reduction. Additional, new RACH resources can be used immediately following detection of DRS transmission.

Proposal 2:
If failure of RAR is caused by hidden nodes, UE should retransmit preamble without power ramping. 

Proposal 5:
Support SR transmission on additional PUCCH resources provided by the gNB within a gNB-initiated COT

Proposal 6:
Consider mechanisms to assist identification of missed RLM-RS samples due to channel access failure. Missing RLM-RS should not be treated as equivalent to OOS.

Proposal 7:
Enhance RLM to adapt to different load conditions.

Proposal 8:
The measurement and reporting of RSSI and Channel Occupancy is done per subband.

Proposal 9:
Channel Occupancy measurements should be reported and can be defined differently for serving cells and for non-serving cells.

Proposal 10:
A UE can be configured with conditional Paging Occasions. The UE monitors the conditional Paging Occasion only if triggered by a condition being met.
Proposal 11:
Alt-1, 2 and 3 can be used as a starting point for further discussion on SS/PBCH block transmission. Alt-2 is preferred. 

Proposal 12:
SS/PBCH block transmission occasion time index and associated SS/PBCH block index can be included in SS/PBCH block to allow UE to derive required timing information. 

Proposal 13:
Groups of SSBs can be considered for shift granularity to reduce signaling overhead. 
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