Page 1
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN4 Meeting #101-e-bis	R4-2200252
Online, 17 – 25 January, 2022
[bookmark: Source]Agenda item:	6.26.2
Source:	Apple
Title:	Discussion on RAN2 LS (R2-2108861) on gap handling for MUSIM
[bookmark: DocumentFor]Document for:	Discussion
1. Introduction
In RAN4#100e RAN4 discussed the MUSIM based on the RAN2 LS, with agreements captured in [1]. However, there are still some open issues left. In this contribution, we provide further discussion on the open issues. 
2. Discussion
1. Gap for SSB detection/paging reception, serving cell measurement, neighbouring cell measurement including intra-frequency, inter-frequency and inter-RAT (Scenario 1 in LS R2-2108861)
Agreements:
Regarding serving cell measurement, neighbor cell measurements including intra-frequency, inter-frequency and inter-RAT measurements, RAN4 concluded that the legacy gap patterns can fulfill this task, but with low efficiency in some scenarios.
Regarding SSB for AGC and paging reception, RAN4 has the following conclusions:
· A legacy measurement gap patterns can be used, but with low efficiency. 
· Additional gap patterns can be used for paging reception with/without SSB for AGC. These gap patterns could be a new measurement gap patterns whose measurement gap length (MGL) can be the same as legacy MGL, but with longer MGRP equal to network B DRX cycles like {320, 640, 1280, 2560} in RRC IDLE mode.
Issue 1-1: New periodic gap pattern
Option 1: Legacy MGL with new MGRP[0.32s, 0.64s, 1.28s and 2.56s]
Option 2: Limited set of legacy MGL with new MGRP[0.32s, 0.64s, 1.28s and 2.56s] 
Option 3: Other Options
Option 2 is supported. New MG patterns with longer MGRP can increase efficiency in terms of reducing negative impact on NW A when UE is operating in NW B, such as SSB detection, measurement and so on. However, it seems unnecessary to create new MG patterns with all the MGL values, considering UE may need to use this gap to conduct all kinds of measurement in NW B including intra-frequency, inter-frequency and inter-RAT measurement. Besides, UE shall also try its best to use this gap to perform paging reception such that NW doesn’t need to configure another set of MG dedicated for paging reception. Following this logic, it is unlikely for NW to configure a MG pattern with short MGL such as 1.5ms, 3ms and etc.
[bookmark: _Ref92707259]Proposal 1: for SSB detection/paging reception, serving cell measurement, neighbouring cell measurement including intra-frequency, inter-frequency and inter-RAT (Scenario 1 in LS R2-2108861), new periodic gap patterns with limited set of legacy MGL and new MGRP [0.32s, 0.64s, 1.28s and 2.56s] are to be introduced. MGL <= [4ms] is not considered.

Issue 1-2: Gap for paging and SSB for AGC
Whether a single measurement gap will be used when the time distance between the SSB for AGC and paging reception is shorter than a threshold
· Option 1: Single gap with long MGRP[0.32s, 0.64s, 1.28s and 2.56s] and legacy MGL
· Option 2: Two independent gaps
· Option 3: Do not needs to limit the usage of gaps    
Since UE is allowed to request multiple periodic MG patterns, it is preferred not to limit the usage of gaps (option 3). Depending on NW configuration and UE implementation, the gap may or may not be needed. If UE needs to perform AGC periodically, UE can request another set of MG pattern.
[bookmark: _Ref92707263]Proposal 2: for issue 1-2, i.e. whether a single measurement gap will be used when the time distance between the SSB for AGC and paging reception is shorter than a threshold, no need to limit the usage of gaps.

2. Gap for SI reading (Scenario 2 in LS R2-2108861)
Agreements:
Regarding scenario 2, RAN4 concludes that an aperiodic gap pattern can fulfill the task of MIB/SIB1 reading. In addition, legacy gap patterns can fulfill this task but RAN4 has not studied how efficient it would be. A UE may require multiple attempts to read MIB/SIB1when using an aperiodic gap. For efficiency purpose, a legacy gap pattern configured for MIB/SIB1 reading can be released after successfully decoding SIB1 information. 
Issue 1-2: New aperiodic gap pattern
· Option 1: MGL = 20ms
· Option 2: other values
Some clarification is needed on “aperiodic gap” is needed. Seems it is common understanding that UE may need multiple attempts to successfully receive MIB/SIB1, as it has been widely studied in CGI reading requirements. Note that the CGI reading requirements is the worst scenario. In other word, UE can finish it earlier than the requirements. Therefore, there are two options on the table: 1) NW configures gap based on the worst case, e.g. 6 MG occasions. 2) NW configures periodic MG. UE informs NW the gap can be cancelled once MIB/SIB1 reading is completed.
[bookmark: _Ref92707267]Proposal 3: to acquire MIB/SIB1, MG with legacy MGL and MGRP can be used. Two options are recommended:
1) NW configures aperiodic gap patterns with multiple attempts (e.g. 6 MG occasions)
2) NW configures periodic gap patterns, UE informs NW the gap can be cancelled once MIB/SIB1 reading is completed.

Besides, RAN2 also asked RAN4 about system information other than MIB/SIB1. According to the candidate SI window length (si-WindowLength: s5, s10, s20, s40, s80, s160, s320, s640, s1280), the longest MGL which is needed to make sure UE won’t miss the SIBx is 1280 slots. Some companies argued in the last meeting that UE may successfully receive the SIBx in 20ms instead of waiting for the whole windows. It is true that NW may broadcast the SIBx following a shorter periodicity than si-WindowLength. However, strictly speaking, NW is allowed to broadcast the SIBx on any occasion during si-WindowLength. Thus, using existing MGL (up to 20ms) to receive SIBx cannot guarantee UE won’t miss the SIBx. That is also some companies mentioned in the last meeting that existing MG patterns can be used for SIBx reception for best effort.
[bookmark: _Ref92707270]Proposal 4: for other SIBx reception, existing MG pattern (with MGL up to 20ms) can be used with the assumption that UE may miss the SIBx if si-WindowLength is larger than the configured MGL.

3. Aperiodic (one-shot) switching with both transmission and reception at network B but will not enter RRC-connected state in NW B, including On-demand SI request (Scenario 2 in LS R2-2108861)
Agreements:
Regarding scenario 3, RAN4 has not reached conclusions 
Issue 3-1: Gap pattern for on-demand SI  
· Option 1: Legacy gap pattern, such as #25 can be used for this scenario. 
· Option 2: Multiple short aperiodic gaps for each Msg1, Msg2, (Msg3, Msg4) transmission/reception or their combinations 
· Option 3: Single aperiodic gap with a long MGL
· Option 4: Multiple long aperiodic gaps e.g. for RACH (>140 ms), RNAU ( > 2000 ms), etc. with the MGL (ms) = 80, 160, …., 2560, 5120 
· Option 5: autonomous gaps
· Option 6: Other options
This issue is quite complicated. To receive on-demand SI, UE needs to perform RACH to NW B first to ask NW B to transmit the SI. Then UE can receive the SI by using aperiodic or periodic gap (similar with proposal 3 and 4). For RACH procedure, the related RACH configuration which impacts the latency includes 
1) ra-ResponseWindow (<=10ms in licensed spectrum), and 
2) ra-ContentionResolutionTimer (<=sf64). 
3) And if RACH retransmission is considered, the RACH latency will be more longer.  
Note that the gap is requested by UE before UE performs RACH to NW B. It would be quite challenging for UE to accurately predict how long the gap is needed since it cannot guarantee the RACH would be successful at the first attempt. 
[bookmark: _Ref92707302]Observation 1: when requesting gap for RACH to NW B, it is impossible for UE to accurately predict how long the gap is needed.
After RACH, UE needs to receive the on-demand SI. Similar with MIB/SIB1 reception, UE may also need multiple attempts to successfully receive the on-demand SI. Thus, the gap needed here cannot be precisely predicted either. In order to successfully receive the SI, UE may require a long gap or multiple gap occasions conservatively. Therefore, it seems using autonomous gaps is still the best among all the candidate options.
[bookmark: _Ref92707310]Observation 2: for on-demand SI reception, using autonomous gaps seems to be the most efficient way even though it is not preferred by RAN2.
[bookmark: _Ref92707273]Proposal 5: RAN4 shall recommend RAN2 to consider autonomous gap based on-demand SI reception.

4. Conditions on “stay in connection” in network A 
Issue 6-1: Criteria for “stay in connection” in network A
Moderator notes: For scenario where legacy gap pattern is used, Need not discuss this issue 
· Option 1: whether UE would trigger beam failure or RLF even if long gap duration is configured. 
· Option 2: FFS
· Option 3: out of scope of LS reply 
· Option 4: FFS
This issue has been discussed in the last RAN4 meeting. We don’t think option 2 is a valid argument since RAN2 explicitly asked RAN4 whether and how to make sure UE can stay in connection A. In current NR design we have beam level quality monitoring (BFD) and cell level link quality monitoring (RLM). The possible criteria are whether UE would trigger beam failure or link failure if UE leaves network A for quite a long time. According to the criteria, the feasible range of value(s) for gap cycle and duration that can allow the UE stay in Connected mode in Network A depends on configuration of RLM and BFD in network A. Take SSB based RLM for example, UE needs to evaluate Qin/Qout every P  N  Max(TDRX,TSSB), where TSSB is the periodicity of the SSB configured for RLM. TDRX is the DRX cycle length. P and N are the scaling factor defined in section 8.1.2.2. If UE fails to do the sampling, e.g. MGL is longer than P  N  Max(TDRX,TSSB), UE may trigger RLF.
[bookmark: _Ref85577821]Proposal 6: answer to Q2-C: RAN4 assumes “stay in connection in Network A” means UE would not trigger beam failure or RLF in Network A even if long gap duration is configured. With this assumption, the maximum feasible gap duration depends on configuration of BFD and RLM in Network A:
· For SSB based BFD: UE would trigger beam failure if gap duration is longer than P  N  Max(TDRX,TSSB). Where TSSB is the periodicity of SSB in the set [image: ]. TDRX is the DRX cycle length. P and N are scaling factors defined in TS38.133 section 8.5.2.2.
· For CSI-RS based BFD: UE would trigger beam failure if gap duration is longer than P  N  PBFD  Max(TDRX, TCSI-RS). Where TCSI-RS is the periodicity of CSI-RS resource in the set [image: ]. TDRX is the DRX cycle length. P, N and PBFD are scaling factors defined in TS38.133 section 8.5.3.2.
· For SSB based RLM: UE would trigger RLF if gap duration is longer than P  N  Max(TDRX,TSSB). Where TSSB is the periodicity of the SSB configured for RLM. TDRX is the DRX cycle length. P and N are scaling factors defined in TS38.133 section 8.1.2.2.
· For CSI-RS based RLM: UE would trigger RLF if gap duration is longer than P  N  Max(TDRX, TCSI-RS). Where TCSI-RS is the periodicity of the CSI-RS resource configured for RLM. TDRX is the DRX cycle length. P and N are scaling factors defined in TS38.133 section 8.1.2.2.


5. Conclusion
In this contribution, we further discuss the open issues according to [1]. After discussion, the following conclusions are provided:
Proposal 1: for SSB detection/paging reception, serving cell measurement, neighbouring cell measurement including intra-frequency, inter-frequency and inter-RAT (Scenario 1 in LS R2-2108861), new periodic gap patterns with limited set of legacy MGL and new MGRP [0.32s, 0.64s, 1.28s and 2.56s] are to be introduced. MGL <= [4ms] is not considered.
Proposal 2: for issue 1-2, i.e. whether a single measurement gap will be used when the time distance between the SSB for AGC and paging reception is shorter than a threshold, no need to limit the usage of gaps.
Proposal 3: to acquire MIB/SIB1, MG with legacy MGL and MGRP can be used. Two options are recommended:
1) NW configures aperiodic gap patterns with multiple attempts (e.g. 6 MG occasions)
2) NW configures periodic gap patterns, UE informs NW the gap can be cancelled once MIB/SIB1 reading is completed.
Proposal 4: for other SIBx reception, existing MG pattern (with MGL up to 20ms) can be used with the assumption that UE may miss the SIBx if si-WindowLength is larger than the configured MGL.
Observation 1: when requesting gap for RACH to NW B, it is impossible for UE to accurately predict how long the gap is needed.
Observation 2: for on-demand SI reception, using autonomous gaps seems to be the most efficient way even though it is not preferred by RAN2.
Proposal 5: RAN4 shall recommend RAN2 to consider autonomous gap based on-demand SI reception.
Proposal 6: answer to Q2-C: RAN4 assumes “stay in connection in Network A” means UE would not trigger beam failure or RLF in Network A even if long gap duration is configured. With this assumption, the maximum feasible gap duration depends on configuration of BFD and RLM in Network A:
· For SSB based BFD: UE would trigger beam failure if gap duration is longer than P  N  Max(TDRX,TSSB). Where TSSB is the periodicity of SSB in the set [image: ]. TDRX is the DRX cycle length. P and N are scaling factors defined in TS38.133 section 8.5.2.2.
· For CSI-RS based BFD: UE would trigger beam failure if gap duration is longer than P  N  PBFD  Max(TDRX, TCSI-RS). Where TCSI-RS is the periodicity of CSI-RS resource in the set [image: ]. TDRX is the DRX cycle length. P, N and PBFD are scaling factors defined in TS38.133 section 8.5.3.2.
· For SSB based RLM: UE would trigger RLF if gap duration is longer than P  N  Max(TDRX,TSSB). Where TSSB is the periodicity of the SSB configured for RLM. TDRX is the DRX cycle length. P and N are scaling factors defined in TS38.133 section 8.1.2.2.
· For CSI-RS based RLM: UE would trigger RLF if gap duration is longer than P  N  Max(TDRX, TCSI-RS). Where TCSI-RS is the periodicity of the CSI-RS resource configured for RLM. TDRX is the DRX cycle length. P and N are scaling factors defined in TS38.133 section 8.1.2.2.
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