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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
The latest agreed WF on multi-rx is in [26].
Discussion
Measurement restrictions for L1 measurements and procedures
While discussing measurement and scheduling restrictions, companies mentioned that when UE need to receive beam pair, it may use different beam shape and direction to receive same RS beam and when UE need not receive beam pair, it might use different RX beam to receive the same RS beam. Same is shown in figure 1. If UE need to receive RS1 and RS2 as beam pair or TCI states which are QCLed with RS1 and RS2 as a beam pair, UE might use the beam shown in dotted lines in the figure shown below. If UE need to receive only RS1, then it uses the left-hand side solid beam direction which is supposed to Rx beam peak direction. Similarly, if UE need to receive only RS2, then it uses the right-hand side solid beam direction which is supposed to Rx beam peak direction. The reason for this UE behaviour, if we understand correctly, some AoA separation between beams may not allow UE to form a beam pair in both beams rx beam peak direction as it may result in lower SINR due to interference from other beam. Due to this reason, RAN4 agreed on the scheduling and measurement restrictions relaxation under the scenario when UE needs to receive beams as a beam pair. 
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Description automatically generated]Figure 1: Reception of RS1, RS2 in different scenarios



In last meeting RAN4 agreed on the scheduling restrictions relaxation conditions but measurement restrictions relaxation conditions are still FFS. Following WF is agreed. 
· Companies may bring further analysis, on whether to remove or not the following condition of measurement restriction relaxation for CSI-RS based L1 measurements
· [The two CSI-RS resources and both PDSCHs are overlapped on the same OFDM symbol].
As discussed in last meeting, for UEs operating with mutli-rx, there can be two scheduling schemes opted by the NW. One is same slot scheduling and other is cross slot scheduling. Same is shown in the below figures for sDCI and mDCI.
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Figure 2: sDCI and mDCI based same slot scheduling

sDCI and mDCI based same slot scheduling:
Figure 2 shows the same slot scheduling for sDCI and mDCI. As the issue pointed by Mediatek in their last meeting paper [], PDCCH processing time for UE is not standardized and NW do not know how much time UE takes to process the PDCCH to avoid the scheduling of CSI-RS in that region. As per our understanding, UE buffers the entire slot and then start processing after the slot is completely received. We understand that the companies intention behind using different beam directions when UE need to receive data from beam pair and only one beam when there is no data from one direction. However, for the same slot scheduling, UE do not know until the slot is completely received whether there is data for reception in both the PDSCH from both TRP or only from one TRP. Hence, we think measurement restriction relaxation makes more sense in this case as UE already received and could process the RS.
· Observation 1: For sDCI and mDCI based same slot scheduling, UE has already received and buffered CSI-RS. Dynamic change between single beam reception and beam pair reception is not possible for same slot scheduling.
sDCI based cross slot scheduling:
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Figure 3: sDCI based cross slot scheduling


In this scenario, by assuming UE buffers one slot data (we understand that many UEs need not buffer one slot worth data, but assuming RAN4 way of defining minimum requirements we can assume UE process after one slot) and start processing the received data after the slot is complete. Based on the length of the PDCCH in the next slot, UE may not have sufficient time to change the beams from non-peak direction to peak direction beam. We understand that the beam switch happens in CP of the symbol, but the communication between the UE measurement scheduling engine and RF chain which changes the direction of the beam may take bit more time than CP. It may be difficult for UE also to keep changing between the beams for every slot as it needs very dynamic beam management. 
· Observation 2: For sDCI based cross-slot scheduling, it may be difficult for UE also to keep changing between the beams for every slot as it needs very dynamic beam management, At NW side, cross slot scheduling is not a typical choice. 

mDCI based cross slot scheduling:
When UE receives a cross slot scheduling (e.g., DCI at slot n scheduling for PDSCH at slot n+k), it knows that there is a DL data in future slot. However, when UE do not receive cross slot scheduling though DCI at slot n, it do not know whether NW uses same slot scheduling in slot n+k or not. That means, the proposed way of changing between beam pair to single beam when PDSCH is not there do not work well mDCI also as there is uncertainty on NW behaviour in scheduling which UE do not know in advance.
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Moreover cross slot scheduling makes the scheduling much more complex where NW cannot schedule all UEs that will transmit in a slot at the same time (with exception of random access message 3, but RA msg3 is small and has very high priority, and aperiodic CSI report) and needs to maintain the old scheduling data to compare which resources are already given and which resources are available for the present slot scheduling. Considering the difficulties mentioned above, cross slot scheduling is a not common implementation in the NW.
· Observation 3: For mDCI based cross-slot scheduling, cross slot scheduling is a not common implementation in the NW .

Based on the above observations on the issues raised above we think it is reasonable to remove the measurement restrictions for multi-rx capable UE.
Proposal 1: Remove the following condition from the measurement restrictions for a UE supporting multi-rx chain.
· The two CSI-RS resources and both PDSCHs are overlapped on the same OFDM symbol.

DCI based TCI state switch
In last meeting some of the issues are open pending on the RAN1 reply LS. RAN1 reply [3] is copied below for reference.

	RAN1 thanks RAN4 for the LS on Dual TCI state switching in mDCI and would like to provide the following response.


[image: ]
[bookmark: _Ref146789651]Figure 5: Example mDCI scenario

Question1-1: 
For the scenario depicted in Figure 1, is there any minimum duration defined in RAN1 specifications between point B and point C?

Answer: 
There is no restriction on the duration between point B and C.
Question 1-2:
What is the expected UE behaviour after point C?

Answer: 
After point C, the UE would receive PDSCH0 using the TCI state conveyed in DCI0. At point D, the UE would receive PDSCH1 using the TCI state conveyed in DCI1.

Question 1-3:
Does RAN1 sees the need to define such minimum duration between B and C to address potential UE implementation complexity for some UE implementations?

Answer: 
No, RAN1 did not have a discussion on whether such restriction is necessary when the feature was specified in Rel-16.



Based on our understanding of RAN1 response, we think DCI based dual TCI state switching requirements for mDCI is independent for each TCI state. However, after Point C if the new TCI state 0 and old TCI state 1 cannot be received simultaneously, since Ran1 did not respond to that question, we think RAN4 need to define behaviour for that scenario. We think UE can receive on single TCI state during transition period (i.e., between C and D) if the new TCI state and old TCI state are not a beam pair. The one TCI state UE should be receiving between point C and D if UE cannot receive on both TCI states should be the new TCI state. 
Proposal 2: For mDCI based dual DCI state switch, TCI state switch on each coreset is independent without any restriction on the DCI reception. 
Proposal 3: Between point C and D, UE to receive on TCI state 0 alone, if new TCI state 0 and old TCI state 1 are not in a beam pair. 
Summary
The following have been observed and proposed in the current contribution:
Proposal 1: Remove the following condition from the measurement restrictions for a UE supporting multi-rx chain.
· The two CSI-RS resources and both PDSCH are overlapped on the same OFDM symbol.
Proposal 2: For mDCI based dual DCI state switch, TCI state switch on each coreset is independent without any restriction on the DCI reception. 
Proposal 3: Between point C and D, UE to receive on TCI state 0 alone, if new TCI state 0 and old TCI state 1 are not in a beam pair. 
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