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Introduction
The WF for extending current NR operation to 71 GHz [1] was approved in RAN#100-e meeting.  In this contribution we present some proposals on general requirements.
Disucssion
The issue related to scheduling restrictions is captured in below:
Scheduling restrictions
	Issue 1-3-1: Scheduling restrictions
Agreement:
· Further investigate whether to update the scheduling restriction for L1/L3 measurement considering at least the following aspects with further inputs from RAN1 and RF: 
· Beam switching time
· Synchronization assumptions with large SCS



The main issue concerns that beam switching time and synchronization for large SCS influence scheduling restriction for L1/L3 measurement.
Beam switching time:
Related to beam switching time, RAN4 tentatively agreed [59 ns] for gNB beam switching time and explored up to [200]ns for UE beam switching time. Meanwhile, in RAN1#106_e, it was decided:
	Agreement:
For 480kHz and 960kHz sub-carrier spacing, first symbols of the candidate SSB have index {2, 9} + 14*n, where index 0 corresponds to the first symbol of the first slot in a half-frame.



In RAN1 #106b_e, it was decided:
	Proposal 1.2-5
· Supported value of n for 480/960kHz SSB slot pattern:
· ALT A) non-contiguous, N slot gap (slots that do not contain SSB) every M slots that contain SSB
· same pattern will apply to 480kHz and 960kHz (i.e same N and M for 480 and 960 kHz)
· N = 2, M = 8
· FFS: starting position of n
· ALT B) non-contiguous, N slot gap (slots that do not contain SSB) every M slots that contain SSB
· scaled version pattern will apply between 480 and 960 kHz (i.e. N and M for 480kHz, 2N and 2M for 960 kHz)
· N = 2, M = 8
· FFS: starting position of n
· ALT C) slots that do not contain SSB correspond to the slots that do not contain SSB in 120 kHz Case D.
· Note: ALT 4 means that only slots 32-39 for 480 kHz SSB pattern are reserved for UL and 960 kHz SSB pattern is contiguous.



The agreement implicitly supports gaps between consecutive SSBs i.e., gaps between SSB bursts shall be used for UE beam switching even N, M aren’t decided finally yet. However, on other hand,RAN1 postponed the beam switching gap/scheduling limitation due to unknown beam switching time, particularly on the UE side:
	The moderator observed that no majority of proposals on beam switching gap/scheduling restriction. In addition, some companies proposed deferring the discussion until RAN4’s response. Given that, the moderator proposes to defer the discussion. 



Nonetheless, some UEs' beam switching time is likely to be greater than the CP length of 73ns in 960kHz and 146ns in 480kHz, while others' beam switching time is likely to be shorter. In this regard, it’ beneficial if two alternatives for UE capacity of beam switching time and related scheduling constraint are required, which are referred to in R1-2107053 also:
	Proposal 9	To allow efficient configuration of reference signal resource sets for beam management for 480/960 kHz SCS, RAN1 should further discuss the introduction of some form of UE capability signaling that can provide the network with knowledge related to the UE beam switch time (on the order of 10s of ns, rather than 10s of symbols).



Proposal 1: If RAN1 can get agreement on introducing UE capacity signaling on UE beam switch time, RRM shall investigate how to introduce the differentiation in scheduling restriction requirements. 

L1 measurement:
If UE’s beam switching time influents adjacent symbol, L1 measurement shall consider the effect following sections 9.5.6.3, 8.5.7.3 and 8.5.8.3 in TS38.133.
	9.5.6.3	Scheduling availability of UE performing L1-RSRP measurement on FR2
-	For the case where RS for L1-RSRP measurement is CSI-RS which is QCLed with active TCI state for PDCCH/PDSCH and not in a CSI-RS resource set with repetition ON, and N=1 applies as specified in clause 9.5.4.2
-	There are no scheduling restrictions due to L1-RSRP measurement performed based on the CSI-RS.
-	Otherwise
-	The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/CSI-RS for tracking/CSI-RS for CQI on 
-	symbols corresponding to the SSB indexes configured for L1-RSRP measurement, and/or
-	symbols corresponding to the periodic CSI-RS resource configured for L1-RSRP measurement, and/or
-	symbols corresponding to the semi-perssitent CSI-RS resource configured for L1-RSRP measurement when the resource is activated, and/or
-	symbols corresponding to the aperiodic CSI-RS resource configured for L1-RSRP measurement when the reporting is triggered.



	8.5.7.3	Scheduling availability of UE performing beam failure detection on FR2
The following scheduling restriction applies due to beam failure detection.
-	For the case where no RSs are provided for BFD, or when CSI-RS is configured for BFD is explicitly configured and is type-D QCLed with active TCI state for PDCCH or PDSCH, and the CSI-RS is not in a CSI-RS resource set with repetition ON
-	There are no scheduling restrictions due to beam failure detection performed based on the CSI-RS.
-	Otherwise
-	The UE is not expected to transmit PUCCH, PUSCH or SRS or receive PDCCH, PDSCH or CSI-RS for tracking or CSI-RS for CQI on BFD-RS resource symbols to be measured for beam failure detection.
When intra-band carrier aggregation in FR2 is performed, the scheduling restrictions on FR2 serving PCell or PSCell apply to all serving cells in the same band on the symbols that fully or partially overlap with restricted symbols.
When inter-band carrier aggregation in FR2 is performed, there are no scheduling restrictions on FR2 serving cells in the bands due to beam failure detection performed on FR2 serving cell(s) in different band(s), provided that UE is capable of independent beam management on this FR2 band pair. Additionally, there is no scheduling restriction if the UE is configured with different numerology between SSB on one FR2 band and data on the other FR2 band provided the UE is configured for IBM operation for the band pair.



	8.5.8.3	Scheduling availability of UE performing L1-RSRP measurement on FR2
The following scheduling restriction applies due to candidate beam detection
-	The UE is not expected to transmit PUCCH, PUSCH or SRS or receive PDCCH, PDSCH, CSI-RS for tracking or CSI-RS for CQI on reference symbols to be measured for candidate beam detection.



Without scheduling restrictions in one symbol before and after consecutive SSB or CSI-RS symbols, L1 measurements for beam management may partly overlap e.g., with PDCCH or PDSCH reception and so on, once beam switching time is longer than CP. Although the network may prevent such conflicts through appropriate configuration, having to account for such possible conflicts would complicate the UE receiver design. As a result, we suggest the following network scheduling limitation.
 Proposal 2: Introduce scheduling restrictions shall apply for one symbol before and one symbol after resources (SSB, CSI-RS etc.) used for L1 measurements, if UE’s beam switching time influence adjacent symbols (together with other impairments).
Proposal 3: No scheduling restriction is needed if UE’s beam switching time, relies on capacity, doesn’t influence adjacent symbols (together with other impairments).
Observation 1: Despite of extra effort at network and UE sides, the UE's beam switching time may be addressed without any scheduling constraints by implementing scheduling configuration flexibility. However, it received minor support in RAN1 meeting.
Proposal 4: RRM session evaluates if scheduling restriction can be replaced by network configuration implementation despite of the trends and choices in RAN1.

L3 measurement:
Scheduling restriction for /L3 measurement in TS38.133 is pasted in the following: 
	9.2.5.3.3	Scheduling availability of UE performing measurements on FR2
The following scheduling restriction applies due to SS-RSRP or SS-SINR measurement on an FR2 intra-frequency cell
	The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS for CQI on SSB symbols to be measured, and on 1 data symbol before each consecutive SSB symbols to be measured and 1 data symbol after each consecutive SSB symbols to be measured within SMTC window duration (The signaling deriveSSB_IndexFromCell is always enabled for FR2). If the high layer signalling of smtc2 is configured in TS 38.331 [2], the SMTC periodicity follows smtc2; Otherwise the SMTC periodicity follows smtc1.
[bookmark: _Hlk84903971]The following scheduling restriction applies to SS-RSRQ measurement on an FR2 intra-frequency cell
-	The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS for CQI on SSB symbols to be measured, RSSI measurement symbols, and on 1 data symbol before each consecutive SSB to be measured/RSSI symbols and 1 data symbol after each consecutive SSB to be measured/RSSI symbols within SMTC window duration (The signaling deriveSSB_IndexFromCellc is always enabled for FR2). If the high layer signalling of smtc2 is configured in TS 38.331 [2], the SMTC periodicity follows smtc2; Otherwise, the SMTC periodicity follows smtc1.



For measurements in SMTC windows (L3 measurements), a scheduling restriction that applies to an OFDM symbol immediately before and immediately after consecutive SSB symbols has been specified, with the justification that there may be receive time differences between serving and neighbour cells.
Synchronization: 
Regarding section 6.5.3 in TS38.133, there are three TAE requirements. Here we strongly prefer to use cell phase sync = 3 µs as reference input. This is so we can reuse FR1 and FR2-1 site equipment for transmission also for FR2-2. 
	6.5.3 Time alignment error in 38.104
For MIMO transmission, at each carrier frequency, TAE shall not exceed 65 ns. 
For intra-band contiguous carrier aggregation, with or without MIMO, TAE shall not exceed 260ns. 
For intra-band non-contiguous carrier aggregation, with or without MIMO, TAE shall not exceed 3μs.



The cell phase synchronization accuracy measured at BS antenna connectors shall be better than 3µs refer to legacy scheduling restriction discussion. if the 3us is considered for the time misalignment between serving and target cell, adding the beam changing time, the interruption to the serving cell still will affect the extra symbol before or after SSB symbols within almost 3.2 µs length range, where 3.2 µs= 3 µs+0.2 µs( from beam switching time).
Recap symbol length here:
· To 480KHz SCS, 1 slot is 31.25 μs and 1 symbol is 2.09 μs; 
· To 960KHz SCS, 1 slot is 15.625 μs and1 symbol is 1.05 μs.
In order to span 3.2 µs length, 2 symbols length gap for 480KHz SCS and 3.05 symbols for 960KHz SCS are requested for headroom reservation of impairments. 
Redraw SSB pattern in below figure but with timing misalignment with a prior one and another posterior one.  It is totally unknown if all intra-frequency cells’ phase offset is positive or negative, the random phase offset obviously results into 0.05 symbols length sight collision between beam switching and consecutive SSB receiving symbols in case of 960KHz. The phenomenon also is depicted in Figure 2. 




[bookmark: _Ref85205334]Figure 2 Beam switching time collides consecutive SSB

Proposal 5: Assuming that cell phase synchronization accuracy is 3μs, scheduling restriction on L3 measurements needs 2 symbols before and after SSB symbols for 480KHz SCS, 3 symbols before and after SSB symbols for 960KHz SCS. 
Proposal 6: for 960KHz SCS, Puncturation of 0.05 symbol in SSB caused by colliding with beam switching time is acceptable performance degradation (e.g. CP can mitigate the issue to some extent, and less beam switching frequency or beam indexes also are helpful) with proper configurations.

Simulations for Cell detection, PBCH detection and SSB measurements
	[bookmark: _Hlk80558160]Issue 1-5-5: Simulations for Cell detection, PBCH detection and SSB measurements
Open items:
· Discuss whether simulations are needed to study the impact of higher SCS on the following
· Cell detection
· PBCH detection for SSB index detection
· SSB measurements
· If yes, also provide inputs on the simulation assumptions.



The first item question is if higher SCS may impact below specification items significantly: 
· Cell detection
· PBCH detection for SSB index detection
· SSB measurements
In R4-2112548, there are simulation results which indicate higher SCS impact to these items following simulation assumptions which also in the document.
Proposal 7: We observed the similar situations, but the compatible channel shall be checked further and detailed sample numbers shall be evaluated.



Conclustion
Observation 1: Despite of extra effort at network and UE sides, the UE's beam switching time may be addressed without any scheduling constraints by implementing scheduling configuration flexibility. However, it received minor support in RAN1 meeting.
Proposal 1: If RAN1 can get agreement on introducing UE capacity signaling on UE beam switch time, RRM shall investigate how to introduce the differentiation in scheduling restriction requirements. 
Proposal 2: Introduce scheduling restrictions shall apply for one symbol before and one symbol after resources (SSB, CSI-RS etc.) used for L1 measurements, if UE’s beam switching time influence adjacent symbols (together with other impairments).
Proposal 3: No scheduling restriction is needed if UE’s beam switching time, relies on capacity, doesn’t influence adjacent symbols (together with other impairments).
Proposal 4: RRM session evaluates if scheduling restriction can be replaced by network configuration implementation despite of the trends and choices in RAN1.
Proposal 5: Assuming that cell phase synchronization accuracy is 3μs, scheduling restriction on L3 measurements needs 2 symbols before and after SSB symbols for 480KHz SCS, 3 symbols before and after SSB symbols for 960KHz SCS. 
Proposal 6: for 960KHz SCS, Puncturation of 0.05 symbol in SSB caused by colliding with beam switching time is acceptable performance degradation (e.g. CP can mitigate the issue to some extent, and less beam switching frequency or beam indexes also are helpful) with proper configurations.
Proposal 7: We observed the similar situations, but the compatible channel shall be checked further and detailed sample numbers shall be evaluated.

References
[1] R4-2115352 - WF on NR extension to 71 GHz – RRM - Part 2, Qualcomm
[2] RP‑210965





3

image1.emf
Collsion with other SSB 


Microsoft_Visio_Drawing.vsdx
Time msialignment
Collsion with other SSB



