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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN4#105 meeting, there were continued discussions on the RRM impacts and general aspects of FR2 multi-Rx chain DL reception. The open issues are captured in the topic summary [1]. One of the open issues is about receive timing difference between 2-AoA directions for simultaneous reception. There are diverse views as below.
	Issue 2-1-1: Receive timing difference
· Proposals
· Option 1a: 
· The receive timing difference between different directions, which is applicable to simultaneous data reception, simultaneous L1 measurements, and possibly simultaneous data reception and L1 measurements, is within CP in R18.
· Option 1b: 
· Receive time difference for configured different QCL Type D RSs is not larger than CP.
· Option 1c: 
· The RTD for multi-TRP will be kept within CP for both intra-cell and inter-cell case.
· Option 1d: 
· The RTD between different panels is at least within one CP.
· Option 2a:
· For intra-cell mTRP, don’t define requirement when timing offset is larger than CP.
· For inter-cell mTRP, further discuss whether to define requirements with timing difference larger than CP.
· Option 2b:
· RAN4 to consider defining requirements with timing difference larger than CP, and the applicable scenario needs further investigation in terms of sDCI/mDCI, intra-cell/inter-cell and combinations of receiving signals.
· Option 2c:
· RAN4 to discuss whether to define requirements with timing difference larger than CP depending on progress of RRM requirements
· Option 2d: 
· Receive timing difference for configured different QCL Type D RSs for L1 measurement is within CP.
· Option 2e: 
· The case of receiving timing difference within CP should be baseline for simultaneous multiple reception from different directions.
· If inter-cell mTRP is decided to be included in this WI, then the possibility of the receiving timing difference larger than CP exists.
· From the perspective of UE architecture, based on the assumption of independent RF chain and BB for multi-panel case, not applying any restriction on receiving timing difference is feasible.
· The total receiving timing difference can be seen as a trade-off between BS TAE and propagation delay difference. So as to control the total value, then smaller BS TAE should be guaranteed if not restrict the deployment of inter-cell scenario.
· Option 2f: 
· For multi-RX multi-DCI multi-TRP operation, follow the agreements in the MIMO_evo_DL_UL WI: propagation delay difference is within CP as baseline, and propagation delay difference larger than CP is supported as optional UE capability
· Option 2g: 
· Start with receive time differences between any configured different QCL Type D RSs is not larger than CP.
· FFS whether to define requirements with timing difference larger than CP.
· If we define cases where ∆τ > CP then we define a total MRTD budget, where 
∆τ = TAE + ∆propagation and ∆τ < MRTD. This way TAE and ∆propagation can be balanced as terms, within the total MRTD budget.
· Option 3: 
· In this WI, the baseline assumption for RRM requirements should be that receive time difference is within CP, and it should be also discussed in RAN1 if RAN4 considers receive time difference larger than CP


In this contribution, we further provide our views on receive timing difference between 2-AoA directions for simultaneous reception for FR2 multi-Rx chain.
2. Discussion
In [2], we proposed to split the RRM requirements enhancement for multi-Rx chain into two categories. There are procedures related to supporting 4-layer MIMO in FR2, e.g., dual TCI state switching, TRP specific BFD/CBD and group-based beam reporting etc. There are also procedures/measurements not relevant to supporting 4-layer MIMO in FR2 which may also be enhanced for multi-Rx chain, e.g., RLM, measurement restriction/scheduling restriction for L1/L3 measurements, ICBM etc.

Regarding receive timing difference for supporting 4-layer MIMO in FR2, following can be used as reference.
In TS 38.822, FG 16-2a is multi-DCI based multi-TRP and there is note as follows.
· Note: A UE may assume that its maximum receive timing difference between the DL transmissions from two TRPs is within a CP
Therefore, for simultaneous reception of PDCCH/PDSCH for 4-layer MIMO, the MRTD should be within CP based on existing UE capability. Similarly, MRTD should also be within CP for TRP specific BFD/CBD as it is to monitor the TRP specific beam quality for simultaneous reception of multi-PDCCHs/PDSCHs.
[bookmark: _Hlk127220441]As analyzed in [1], for group-based beam reporting UE is not required to measure CSI-RS and/or SSB resources simultaneously. NW does not know which beam pair can be received by UE simultaneously before group-based beam reporting. Thus, it is not possible for NW to configure CSI-RS and/or SSB on the same resources for UE to receive simultaneously. It is up to UE implementation to figure out the beam pair for group-based beam reporting by measuring L1-RSRP of configured CSI-RS and/or SSB resources. The UE measurement is performed in TDM manner. Existing L1-RSRP measurement requirements are applicable for group-based beam reporting. 
Thus, receive timing difference doesn’t matter for L1-RSRP measurement for group-based beam reporting.
Observation 1: Receive timing difference should be within CP for procedures related to supporting 4-layer MIMO in FR2. 

Regarding receive timing difference for RRM enhancement NOT related to supporting 4-layer MIMO in FR2, it can be discussed case-by-case.
L1 measurements delay, e.g., RLM, BFD/CBD, L1-RSRP, may be reduced with beam sweeping factor reduction for multi-Rx chain UE. It would mean UE is measuring one L1-RS with two Rx beam directions simultaneously. This kind of enhancement is not relevant to RTD.
Measurement restriction enhancement, which feasibility is still FFS, is that UE could measure two L1-RSs on the same OFDM symbol simultaneously under certain conditions, e.g., the QCL type D of the two L1-RSs are the 2-AoA directions that UE can receive simultaneously. Under this case, it is not necessarily to request RTD of the two L1-RSs has to be within CP. For simultaneous PDCCH/PDSCH reception, there could be performance degradation if RTD is larger than CP. But for L1 measurements only, there should be no such performance degradation issue.
For scheduling restriction enhancement, similar conclusion as measurement restriction enhancement can be drawn. When UE receives PDCCH/PDSCH and CSI-RS for L1 measurements simultaneously, it is not necessarily to request RTD of the PDCCH/PDSCH and CSI-RS has to be within CP.
For R17 ICBM, however, it is assumed the timing difference between the SSBs of serving cell and cell with different PCI is less than CP length of the corresponding SCS. If enhancement for this feature is considered, there is no need to relax RTD for multi-Rx chain UE.
[bookmark: _Hlk127384431]Observation 2: Receive timing difference is NOT necessarily within CP for simultaneous L1 measurements and simultaneous reception of CSI-RS and PDCCH/PDSCH for multi-Rx chain UE in FR2. 

From UE implementation perspective, two FFTs need to be assumed if RTD between two directions of two different Type-D RSs is larger than CP. The UE needs to implement independent timing tracking modules. Since receive timing is unknown to UE until it is estimated, it seems UE may have to use independent timing tracking for all the cases, even if RTD is within CP under current operation. There is obvious increase of UE complexity and power consumption. 
Observation 3: UE complexity is highly increased if receive timing difference larger than CP is considered. 

Based on above analysis and observations, RTD for this WI is suggested as below.
Proposal 1: Receive timing difference for simultaneous reception of PDCCH/PDSCH is within CP. 
Proposal 2: Receive timing difference for simultaneous L1 measurements and simultaneous reception of CSI-RS and PDCCH/PDSCH for multi-Rx chain UE in FR2 can be larger than CP. MRTD is FFS.

 

3. Summary
[bookmark: _Hlk23953093]In this contribution, we provided views on receive timing difference between 2-AoA directions for simultaneous reception for FR2 multi-Rx chain. Following proposals and observations are present.
Observation 1: Receive timing difference should be within CP for procedures related to supporting 4-layer MIMO in FR2. 
Observation 2: Receive timing difference is NOT necessarily within CP for simultaneous L1 measurements and simultaneous reception of CSI-RS and PDCCH/PDSCH for multi-Rx chain UE in FR2. 
Observation 3: UE complexity is highly increased if receive timing difference larger than CP is considered. 
Proposal 1: Receive timing difference for simultaneous reception of PDCCH/PDSCH is within CP. 
Proposal 2: Receive timing difference for simultaneous L1 measurements and simultaneous reception of CSI-RS and PDCCH/PDSCH for multi-Rx chain UE in FR2 can be larger than CP. MRTD is FFS.
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