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1 Introduction
In last meeting , the WF is agreed[1]. There are many open issues, and we will analyze some of them:
	· Simultaneous reception
· UE architectures
· Beam management
· Receive timing difference


2 Discussion
2.1 simultaneous reception
Definition of “simultaneous reception”
From our understanding, the definition of simultaneous reception is clear, it means two signals are received in the same or overlapping OFDM symbols, the signal can be data and RS. Then the simultaneous reception includes data+data, data+RS, RS+RS. 
Scenarios for “simultaneous reception”
For simultaneous reception scenario, it related to many aspects:
1. TRP type
· intra-cell mTRP
· inter-cell mTRP
2. Signal type:
· data + data
· RS + RS
· data + RS
3. RS type
· SSB
· CSI-RS
4. RS Measurement type
· L1 measurement 
· L3 measurement
Next, we would like to analyze the scenario one by one. since there are so many scenario combinations, for RS measurement type, we will only focus about the L1 measurement at first.
Similar as the discussion in our companion paper [2], relative position of two signals to two panels may change due to movement, it’s possible that sometime signal from one TRP is out of the coverage of one panel, only one panel can work. It’s FFS whether to introduce UE capability to support more than two panels.
Here, we only analyse the simultaneous reception scenarios that two panels can work. We will analyse the RS+RS, RS+data, data+data respectively.
2.1.1 simultaneous reception for intra-cell multi-TRP
Simultaneous reception scenario of RS+RS
For the RS, we will further consider SSB and CSI-RS respectively.
1. Simultaneous reception of SSB+SSB from two TRPs
[bookmark: _Hlk115352628]For intra-cell TRP, if the SSB index configuration for two TRPs are different, SSB index will not overlap. UE will not receive from the SSBs simultaneously from two TRPs. There is no such scenario.
[bookmark: _Hlk115352662]If the SSB index configuration are the same for two TRPs, SSB with same index from two TRPs will overlap. In legacy single panel case, UE can’t differentiate SSBs from two TRPs since the cell ID are the same. When UE has two panels, it needs further discussion whether UE can  differentiate SSBs from two TRPs with the same cell ID. From our understanding, similar as single panel, UE still can’t differentiate SSBs from two TRPs. 
Observation 1: UE can’t perform Simultaneous reception of SSB+SSB from two intra-cell TRPs.
2. Simultaneous reception of CSI-RS+CSI-RS from two TRPs
[bookmark: _Hlk115352722]It’s possible that two different CSI-RS indexes are configured for two TRP, where the two CSI-RS exist in one symbol while in different frequency domain. Therefore, it’s possible that UE will receive two CSI-RSs from two TRPs simultaneously.  
3. Simultaneous reception of SSB+CSI-RS from two TRPs
In this scenario, it’s possible that  SSB and CSI-RS can be received simultaneously.
Simultaneous reception of Data + RS
In this scenario, UE can receive data from one TRP and performing measurement for SSB and CSI-RS for another TRP. 
Simultaneous reception of Data + Data
In this scenario, UE can perform simultaneous reception of data from two TRPs.
In summary, the proposals for simultaneous scenario for intra-cell mTRP are follows:
Proposal 1: For intra-cell mTRP, UE may perform simultaneous reception for:
1. Data + RS 
· Data + L1 CSI-RS
· Data + L1 SSB
2. RS + RS 
· L1 CSI + L1 CSI-RS
· L1 CSI + L1 SSB
3. Data + Data 
2.2.1 simultaneous reception for inter-cell multi-TRP
Similar as discussion in issue 1-1-3 in another paper[2], For inter-cell multi-TRP, it’s not typical scenario to perform simultaneous data transmission. The typical scenario is that due to UE moving, UE will switch beam and receive data from cell with different PCI when the beam quality of serving cell degrade. It also requires UE to perform L1 measurement for cell with different PCI.
Observation 2: For inter-cell multi-TRP, it’s not typical scenario to perform simultaneous data transmission.
In Rel-17 inter-cell BM with single panel, the L1-RSRP measurement period is scaled by 2 when SSB are overlapped for two cells. We may need to discuss whether to consider enhancement for L1-RSRP measurement period with multi-rx, i.e. simultaneous reception of SSB from two TRP. Please not the timing offset is assumed to be within CP in Rel-17 inter-cell BM.
Besides, in inter-cell BM with single panel, the scheduling restriction is defined when UE is receiving data from one TRP and receiving RS from another TRP. We also need to discuss whether to consider enhancement for simultaneous reception of RS+data in Rel-18 multi-rx.
RAN4 needs to further discuss whether UE support simultaneous reception for Data + RS and RS + RS.
Also please note that there is no CSI-RS based L1-RSRP is defined for inter-cell, only SSB is considered.
Observation 3: Only SSB based L1-RSRP measurement is defined for inter-cell L1-RSRP measurement.
Proposal 2: For inter-cell mTRP, RAN4 further discuss whether UE support simultaneous reception for:
1. Data + RS
· Data + L1 SSB
2. RS + RS
· L1 SSB + L1 SSB
2.2 UE architectures
	Issue 1-2-4: UE architectures
1. Proposals
a. Option 2 (Nokia): 
i. Multi Rx architecture with above consideration, to assume that each Rx chain will need to process at an independent FFT window.  
ii. Multi Rx architecture to assume that each Rx chain can perform independent RRM measurements or demodulation tasks. 
iii. Multi Rx architecture to assume that each Rx chain can perform independent RRM measurements on 2 Rx chains. 
iv. Independent timing loops are supported in multi-RX for intra and inter cell mobility measurements.
b. Option 4 (vivo, MTK, Ericsson, Qualcomm): It is not necessary to have a general conclusion on multi-Rx chain architecture.
c. Option 5 (NTT DOCOMO, Samsung, Xiaomi, Ericsson, ZTE, LGE, Apple, Huawei, MTK, OPPO): Should be discussed in RF session.



We support option 5, the issue should be discussed in RF session.
Proposal 3: Multi-RX chain architecture should be discussed in RF session.
2.3 Beam management
	Issue 1-2-6: Beam management
2. Proposals
a. Option 1 (vivo): Principle of defining beam management related requirements for IBM can be extended for multi-Rx chain
b. Option 2 (Nokia): Independent beam management between multiple Rx chains on the same carrier is assumed in this work item.
c. Option 3: Further clarify which beam management requirements are used for multi-RX WI.
d. Note: Company is encouraged to check if this issue is covered by other issues already.



For L1-RSRP measurement for intra-cell mTRP, L1-RSRP requirement defined in clause 9.5 will apply.
For L1-RSRP measurement in inter-cell mTRP, Rel-17 ICBM requirement will be applied, i.e. clause 9.13, where only SSB based measurement is defined.
For BFD/CBD, TRP specific requirement will be applied, i.e. clause 8.18, which can apply for both intra-cell mTRP and inter-cell mTRP.
Proposal 4: Beam management requirements are based on:
· For L1-RSRP measurement for intra-cell mTRP, L1-RSRP requirement defined in clause 9.5 will apply.
· For L1-RSRP measurement in inter-cell mTRP, Rel-17 ICBM requirement will be applied, i.e. clause 9.13, where only SSB based measurement is defined.
· For BFD/CBD, TRP specific requirement will be applied, i.e. clause 8.18, which can apply for both intra-cell mTRP and inter-cell mTRP.
2.4 RRM impact of the UE behaviour using a single antennal antenna module
	Issue 1-2-8: RRM impact of the UE behaviour using a single antennal antenna module
3. Proposals
a. Option 1 (LGE): Consider UE measurement behaviour for L1 or L3 related measurement when UE receive the DL signals from multiple TRP using a single antenna antenna module.
b. Option 2 (NTT DOCOMO, Samsung, Intel, OPPO, vivo): Needs RF study conclusion
c. Option 3 (Nokia, LGE): L1 and L3 measurement delays and measuring/scheduling restrictions for measurements need to be considered when using single antenna panel on multi Rx capable UEs.
d. Option 4 (Qualcomm, Ericsson, Huawei, Xiaomi, MTK, ZTE): No need to discuss



As discussed in another paper, this is no final decision in RF yet. The tentative agreement is that it didn’t preclude the possibility that UE can receive two AoAs simultaneously by a single antenna module. The RF agreement is as follows:
	1.1 ’Panel’ in core requirements
Agreement: ‘Panel’ is not referenced in the final UE RF requirements
1.2 ’Panel’ understanding in assumptions for deriving UE RF requirements
Way Forward: Take the following panel assumption for DL reception, noting panel is a logical construct:
	‘Panel’ is defined as one or multiple as combination of below depending on different UE implementation: 
Unit of antenna group to control beam independently 
0. Within a panel, one beam can be selected and used for DL reception.
0. Across different panels, multiple beams [(each selected per panel)] may be used for DL reception.
0.  ‘Beam’ is assumed to mean spatial filter associated with reception.



1.3 What should happen when same panel receives DL from multiple directions for UE RF requirement
Way Forward: 
· [The scenario where a single antenna module is used to receive two AoAs simultaneously should not be excluded. Whether a UE with single antenna module can satisfy the requirement or not will be an implementation issue]. 
[If an antenna module can be used to receive two AoAs simultaneously, it is considered to consist of at least two panels, where the understanding of “panel” is based on 1.2 ]



If there is only one panel in the antenna module, UE may not support simultaneous reception for data +RS and RS+RS for single TRP. If there are two panels in single antenna module, UE may support simultaneous reception for single TRP.
As discussed in another paper[2], If UE is equipped with two antenna modules on the opposite side of terminal, where there is only one panel in each module. Due to movement, relative position of TRP to panel may change, then TRP may be out of the coverage of one panel. UE can’t perform simultaneous reception. It will have impact to the scheduling restriction and measurement restriction.
If UE are equipped with two antenna modules and there are two panels in each antenna module, when the signal from one TRP is out of coverage of one panel and all the beam is failed. UE may activate the panel on the same side of UE to keep simultaneous reception. 
Proposal 5: If UE can’t receive two AoAs from single antenna module, UE can’t support simultaneous reception for some scenarios.
2.5 Receive timing difference
	Issue 1-3-1: Receive timing difference
4. Proposals
a. Option 1 (Apple, Xiaomi, Qualcomm, Intel, MTK, LGE, OPPO, Ericsson): The receive timing difference between different directions is within CP in R18.
i. Option 1b (Qualcomm, Apple): Receive time difference for configured different QCL Type D RSs is not larger than CP. FFS whether and how much additional margin within the CP length is needed.
b. Option 2 (vivo, Huawei, Samsung, CMCC, ZTE): The receive timing difference between different directions is within CP at least. FFS whether to define requirements with timing difference larger than CP.
c. Option 3 (Nokia): Consider receive time differences larger than CP.
i. The multi-RX UE can support independent time and frequency tracking for each Rx chain.
d. Option 4 (Tentative agreement in GTW): The receive timing difference considered for data reception and L1 measurements between different directions (2AOAs) is within CP
i. Receive time differences between any configured different QCL Type D RSs is not larger than CP.
ii. FFS whether to define requirements with timing difference larger than CP.



In last meeting, the tentative agreement is The receive timing difference considered for data reception and L1 measurements between different directions (2AOAs) is within CP. It’s still FFS whether to define requirements with timing difference larger than CP.
Intra-cell mTRP
For intra-cell mTRP, we prefer not to define requirements with timing offset larger than CP. We will analyse the issue from data reception and measurement perspective.
Spatial multiplexing for data
For achieve spatial multiplexing, the data is received from two TRPs simultaneously. The channel capacity will depend on the channel rank and corresponding SNR of each layer. The channel model is composed of two TRPs. If timing offset is larger than CP between two TRPs, the channel rank may decrease. If the timing offset is large, it also means that the distance of two TRP is large and the power difference also increase in two layers. Then SNR difference between two layers will increase either, which will reduce the channel capacity. In order to achieve rull channel rank and balanced SNR between layers, it’s better that the timing offset is within CP.
Measurement accuracy
Due to single FFT assumption, if timing difference of RS from two TRPs are large, there will be measurement accuracy degradation. Similar discussion has been performed in CSI-RS L3 measurement and L1-RSRP measurement for inter-cell. 
Therefore, for intra-cell mTRP, by jointly considering data reception and measurement accuracy, we prefer that there is no requirement when timing offset is larger than CP.
Proposal 6: For intra-cell mTRP, don’t define requirement when timing offset is larger than CP.
Inter-cell mTRP
For inter-cell mTRP, simultaneous data reception is not typical scenario. While it’s still possible to consider data + RS or RS+RS. In current single-panel based inter-cell L1-RSRP measurement, the L1-RSRP measurement is defined with condition that timing offset is smaller than CP. if we consider timing offset is larger than CP from another TRP, we may also need to discuss how to update the requirement.
Proposal 7: For inter-cell mTRP, further discuss whether to define requirements with timing difference larger than CP.
3 Conclusion
In this contribution, we provide our views regarding multi-rx simultaneous reception:
Observation 1: UE can’t perform Simultaneous reception of SSB+SSB from two intra-cell TRPs.
Proposal 1: For intra-cell mTRP, UE may perform simultaneous reception for:
1. Data + RS
· Data + L1 CSI-RS
· Data + L1 SSB
2. RS + RS
· L1 CSI + L1 CSI-RS
· L1 CSI + L1 SSB
3. Data + Data
Observation 2: For inter-cell multi-TRP, it’s not typical scenario to perform simultaneous data transmission.
Observation 3: Only SSB based L1-RSRP measurement is defined for inter-cell L1-RSRP measurement.
Proposal 2: For inter-cell mTRP, RAN4 further discuss whether UE support simultaneous reception for:
3. Data + RS
· Data + L1 SSB
4. RS + RS
· L1 SSB + L1 SSB
Proposal 3: Multi-RX chain architecture should be discussed in RF session.
Proposal 4: Beam management requirements are based on:
· For L1-RSRP measurement for intra-cell mTRP, L1-RSRP requirement defined in clause 9.5 will apply.
· For L1-RSRP measurement in inter-cell mTRP, Rel-17 ICBM requirement will be applied, i.e. clause 9.13, where only SSB based measurement is defined.
· For BFD/CBD, TRP specific requirement will be applied, i.e. clause 8.18, which can apply for both intra-cell mTRP and inter-cell mTRP.
Proposal 5: If UE can’t receive two AoAs from single antenna module, UE can’t support simultaneous reception for some scenarios.
Proposal 6: For intra-cell mTRP, don’t define requirement when timing offset is larger than CP.
Proposal 7: For inter-cell mTRP, further discuss whether to define requirements with timing difference larger than CP.
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