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1	Introduction
In RAN1#96bis, RAN1 discussed an LS from RAN2 [5] on NR mobility enhancements. The main discussion point was the feasibility of simultaneous Rx/Tx under different circumstances, and the outcome of the discussion was summarized in [4]. RAN4 also provided a response to the LS in [6].
In this contribution, we provide complementary input on the topic of simultaneous Rx/Tx.  We also perform a comprehensive comparison with the work on multi-DCI based multi-TRP transmission performed in the eMIMO WID. [2]
[bookmark: _Ref178064866]2	Discussion
RAN2 has agreed to study Make-Before-Break (MBB) solutions to push HO interruption to 0ms. The MBB solution requires that the UE can simultaneously receive and transmit to more than one cell. In parallel, RAN2 is also studying if dual connectivity (DC) could be used to achieve 0ms delay. Note that MBB and DC-based HO are two different things: the MBB solutions may not rely on the signalling defined for dual connectivity. For a comparison between MBB and DC-based HO, see [3].
From a L1 point of view, the MBB solution and DC-based HO is quite similar, since they both require that the UE can communicate with two cells at the same time. The source and target cells may be on the same or on different carriers. Note that for the DC-based solutions, the two cells involved in the HO are the PCell and the PSCell, which are both source cells, but for simplicity, we will use the terms ‘source’ and ‘target’ throughout this contribution.
[bookmark: _Hlk7770147]In RAN1#96bis, RAN1 discussed the feasibility of simultaneous Rx/Tx in response to an LS from RAN2 [5]. The outcome of the discussion was summarized in [4]. RAN4 also provided a response to the LS in [6].
In this contribution, we provide complementary input on the topic of the RAN2 LS, and compare with the discussion in the multi-TRP work. In our understanding, the restrictions imposed in the multi-TRP work are clearly stricter than those summarized in the RAN2 LS response. 
2.1	Asynchronous and synchronous deployments
[bookmark: _Hlk7770772]One of the topics that require further elaboration, and where the RAN1 and RAN4 reply LSs differ somewhat is how to define synchronous. In general, a network is considered synchronized if the base stations are phase synchronized which means that the radio frame begins at the same time.  The required level of synchronization depends on the purpose of the synchronization.  In the context of simultaneous RX/TX, it seems RAN4 understands synchronous to mean that base stations are sufficiently well aligned to allow simultaneous RX/TX with a single FFT. On the other hand, in the reply LS, RAN1, e.g., states that asynchronous TDD is not supported in some circumstances. It is true that TDD systems would have to comply with the cell phase sync requirement, but that level of compliance would not mean that the system is synchronous in the RAN4 definition. In fact, in the RAN4 definition, most deployments are asynchronous. One example is depicted in Figure 1.
 [image: ]
[bookmark: _Ref4588792]Figure 1: The UE at the cell border may not receive the transmissions from the two TRPs within the cyclic prefix, since the propagation delays from the two TRPs are different.  
We thus observe
[bookmark: _Toc7767585][bookmark: _Hlk7770959]With the RAN4 definition of ‘synchronous’, most handovers, including intra-frequency handovers in TDD systems, would be asynchronous.
[bookmark: _Hlk7770974]The only synchronous handover situations would occur in small cell/indoor deployments. We also note that FR2 deployments are less likely to be synchronous, due to the shorter CP.
It is our understanding that RAN4 has made a stricter interpretation of the term “feasible” in the RAN2 LS. For RAN4, “feasible” seems to imply a UE architecture with a similar complexity as the UE architectures of today. In contrast, in the LS response, RAN1 has made a less strict interpretation of “feasible”.
However, RAN1 also makes the following remark in the LS response:
“Lastly, it should be understood that feasibility of simultaneous transmission and reception does not imply that all UEs could support such functionality and is subject to further discussion.”
This also indicates that although simultaneous reception/transmission is feasible, there is not guarantee that such UEs would be designed: as always, the implementation effort would be considered when evaluating the benefits of the functionality.
It is also interesting to compare the RAN1 LS response to the following multi-TRP agreement from RAN1#96: 
Agreement
For a UE supporting multiple-PDCCH based multi-TRP/panel transmission and each PDCCH schedules one PDSCH, at least for eMBB with non-ideal backhaul, support following restrictions: 
· The UE may be scheduled with fully/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs with following restrictions:
· The UE is not expected to assume different DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the actual DMRS symbol location and DMRS configuration type if the UE may be scheduled with full/partially overlapping PDSCHs by multiple PDCCHs. 
· The UE is not expected to have more than one TCI index with DMRS ports within the same CDM group for fully/partially overlapped PDSCHs 
· Full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH.  
· The UE is expected to be scheduled with the same active BWP bandwidth and the same SCS if the UE is expected to receive multiple PDSCHs simultaneously at given symbols.
· The number of active BWPs for a UE is 1 per CC 
· FFS: PDSCH mapping type from two co-scheduled PDSCHs
· FFS: Alignment of PRG-level grid from multiple TRPs
· FFS: How to ensure the same active BWP between multiple TRPs
· Note that rate matching mechanisms (if need) to support multi-DCI based NCJT will be discussed separately.


In the discussion following up to this agreement, it has been assumed that the PDSCHs were received well within the cyclic prefix. In this context, a RAN4 level of synchronization was assumed to keep the UE complexity down:
[bookmark: _Ref7766699][bookmark: _Toc7767586]In the multi-TRP work, it is assumed that the PDSCHs arrive at the UE within the cyclic prefix.
Hence, for its own work, RAN1 makes stricter assumptions on the synchronization requirements than in the LS response.
In general, the multi-TRP discussion is a good starting point for the feasibility of simultaneous Rx/Tx. The multi-TRP discussion has been very much focused on the PDSCH reception, since that has been specified already for LTE. However, the NR functionality should cover also multiple PDCCH case. It should be noted that simultaneous reception of multiple PDCCHs have not even been discussed in the multi-TRP work:
[bookmark: _Ref7766701][bookmark: _Toc7767587]Simultaneous reception of multiple PDCCHs has not been discussed in the multi-TRP agenda item.
Essentially, such multi-user PDCCH reception has not been heard of. 
Yet another agreement on simultaneous Tx was made in RAN1#96:
[bookmark: _Hlk7766427]Agreement
For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used, 
· PUCCH resources conveying ACK/NACK feedback can be TDM with separated HARQ-ACK codebook. 
· FFS TDM within a slot 
· FFS: the format of PUCCH from multiple TRP shall be same or different 
For issues related to PUCCH resources, study including: 
· FFS: if PUCCH resources conveying ACK/NACK feedback are overlapped at time, whether predefined dropping rule is needed to drop ACK/NACK feedback.
· FFS: how to handle ACK/NACK overlapping with CSI reporting for different TRPs 
· FFS: how to handle PUCCH overlapping with PUSCH at the time domain for different TRPs
· FFS: whether the UE can assume simultaneous ACK/NACK transmission from multiple PUCCH resources, and associated details of configurations/indication/UE capability.  
Include in LS to RAN2

Here we note that the PUCCH conveying the ACK/NACK feedback to the different TRPs needs to be TDM. Note that there is no agreement that PUCCH resources can be FDM:
[bookmark: _Ref4401514][bookmark: _Ref7766702][bookmark: _Toc7767588]There is no agreement that PUCCH resources corresponding to different TRPs can be FDM.
Again, for its own work, RAN1 makes stricter assumptions on the feasibility. 
Finally, we note that RAN1 has not even started to discuss simultaneous transmission of PUSCH in the multi-TRP context. 
Based on Observation 2, Observation 3 and Observation 4, we realize that the cases where simultaneous Rx/Tx will be supported in practice may be quite scarce.
As a final point, we note that RAN4 has stated that simultaneous Rx/Tx in FR2 is not feasible:
[bookmark: _Toc7767589]Simultaneous Rx/Tx in FR2 is not feasible.
2.2	On simultaneous Rx at the gNB
In the discussion leading up to the LS reply, the focus was very much on the UE aspects. This lead up to the conclusion that simultaneous Tx in synchronous deployments is feasible, whereas simultaneous Tx in asynchronous deployments was FFS. There were no additional conditions associated with these statements.
However, we note that simultaneous Tx in the UL is useless if the desired signals cannot be received at the gNB(s). In fact, if no constraints are placed on the UL transmissions from the UE, it will be quite challenging to decode them at the gNB, since they may be transmitted in the same time/frequency resources using the same antenna. Under some circumstances, the gNB will receive the transmissions at SINR = 0dB, without any possibility to rely on spatial interference suppression to separate the signals:
[bookmark: _Toc7767590]Reception of multiple UL signals transmitted from the same UE in the same time/frequency resource will be very challenging.
Hence, we note that some level of separation in time or frequency is probably required to successfully decode the UL transmissions at the gNB:
[bookmark: _Toc7767591]Separation in time or frequency is required to separate signals from the same UE at the gNB.
Conclusion
In the previous sections we made the following observations: 
Observation 1	With the RAN4 definition of ‘synchronous’, most handovers, including intra-frequency handovers in TDD systems, would be asynchronous.
Observation 2	In the multi-TRP work, it is assumed that the PDSCHs arrive at the UE within the cyclic prefix.
Observation 3	Simultaneous reception of multiple PDCCHs has not been discussed in the multi-TRP agenda item.
Observation 4	There is no agreement that PUCCH resources corresponding to different TRPs can be FDM.
Observation 5	Simultaneous Rx/Tx in FR2 is not feasible.
Observation 6	Reception of multiple UL signals transmitted from the same UE in the same time/frequency resource will be very challenging.
Observation 7	Separation in time or frequency is required to separate signals from the same UE at the gNB.
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