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1. Introduction
Multi-DCI mult-TRP with two TAs in R18 MIMO was widely discussed during the previous RAN4 meetings. The last agreements can be found in [1], in which there are still some open issues. 
In this contribution, we continue discussing the open issues.
2. Discussion
The first issue is about assumption on M1/M2 for MTTD for UE not capable of supporting RTD>CP.
Issue 2-1-1: What is the assumption on M1/M2 for MTTD for UE not capable of supporting RTD>CP?
· Proposals:
· MTTD for UE not capable of supporting RTD > CP
· Option 1: (MediaTek)
· The MTTD between multiple TRPs can be defined as (CP + M1) for FR1 and (CP + M2) for FR2, M1=0 and M2=0
· Option 2: (Nokia, Samsung, Xiaomi, ZTE, Huawei, QC, Ericsson, vivo, Apple)
· If UE supports sTxMP
· The MTTD between multiple TRPs can be defined as (CP + M1) for FR1 and (CP + M2) for FR2, M1=1.6us and M2=0.5 us 
· If UE doesn’t support STxMP
· Wait for RAN1 further progress for gap/scheduling restriction
· No MTTD requirements for this case.
We supported option 1 in previous RAN4 meetings because we also considered the case wherein UE is not capable of STxMP. For UE capable of multiple Tx/Rx panels, it can probably support RTD>CP (MRTD/MTTD value is 33/34.6 µs) since the two UL channels are processed separately, similar to CA. However, the open issue here is the general assumption for all UE that supports this feature. Note that the baseline assumption is this kind of UE doesn’t support RTD>CP, which means the UE may not support simultaneous multiple panels operation. Using one panel for the UL transmission to two TRPs with different TAs is challenging when MTTD is larger than CP. Besides, we think MTTD may not be a very precise term here. Before the completion the first symbol to TRP 1, UE needs to start the second symbol to TRP 2, e.g. TA2 is larger than TA1. What we really concern is about the overlapping duration in case of no STxMP. For instance, in the overlapping symbol UE may need to generate the later symbol in advance. Separate IFFT is expected since the later symbol is expected to be transmitted with different UL timing. Note that most likely the UL Tx power is different for the overlapping UL symbol to two different TRP. All these aspects need to be considered. If RAN1 can cover this in their design, RAN4 doesn’t need to discuss this anymore.
[bookmark: _Ref135042130]Proposal 1: assumption on M1/M2 for MTTD for UE not capable of supporting RTD>CP:
· If UE supports sTxMP
· The MTTD between multiple TRPs can be defined as (CP + M1) for FR1 and (CP + M2) for FR2, M1=1.6us and M2=0.5 us 
· If UE doesn’t support STxMP
· Wait for RAN1 further progress for gap/scheduling restriction
· No MTTD requirements for this case.

Next issue is about reference timing:
Issue 2-1-3: Reference timing
· Proposals: 
· Option 1: (Nokia, Ericsson)
· The UE is required to track DL RS associated to each activated UL TCI state (or joint TCI state) and use it as time reference for UL transmission. 
· Specify for each UL/joint TCI state the DL RS the UE must use for DL time tracking.
· Option 2: (Apple, Nokia, MediaTek, ZTE, vivo, Huawei, Samsung)
· In UL timing requirements, some clarification needs to be added to accommodate
· Two DL reference timings are supported where each DL reference timing is associated with one TAG.
· Two TAGs associated with different UL/joint TCI state.
· Option 3: (MediaTek)
· Each TAG is allowed to have its own DL reference timing. Typically, two TAGs with different DL reference timing
· FFS whether RAN4 needs distinguish same or different DL timing reference in the discussion for 2 TAGs.
· Option 4: (Huawei)
· For multi-DCI based multi-TRP operation, the UL transmit timing for one TAG can be derived from the DL reception timing of the PDCCH/PDSCH which is associated to the same CORESET Pool Index as UL transmission.
Note: FFS on whether single reference shall be allowed or not. More RAN1 input is expected for further RAN4 discussion.
According to RAN1 LS [2], the two TAGs to target UL channels/signals for multi-DCI based multi-TRP operation are associated with UL/joint TCI state.
	Agreement
For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, support the following:
Associate TAG to TCI-state
· Associate TAG ID with UL/joint TCI state 
· For UL transmission, the TAG ID associated with the UL/joint TCI state is utilized
· A baseline is UE expects that the [activated] UL/joint TCI states [of UL signals/channels] associated to one CORESET Pool Index correspond to one TAG
· Working Assumption: A UE may report that it supports that the [activated] UL/joint TCI states [of UL signals/channels] associated to one CORESETPoolIndex correspond to both TAGs
FFS: on how to handle association when Rel-15/16 spatial relation framework is used for
· PUCCH
· DG/CG Type 1/Type 2 PUSCH
· AP/SP/P SRS



In existing RRM timing requirements, the downlink timing (as reference) is defined as the time when the first path (in time) of the corresponding downlink frame used by the UE to determine downlink timing is received from the reference cell at the UE antenna. Under this objective, some clarification needs to be added to accommodate two TAGs associated with different UL/joint TCI state.
[bookmark: _Ref135042132]Proposal 2: in UL timing requirements, some clarification needs to be added to accommodate
· Two DL reference timings are supported where each DL reference timing is associated with one TAG.
· Two TAGs associated with different UL/joint TCI state.

Next issue is about TDM and overlapping UL transmissions for multi-TRP with 2 TAs:
Issue 2-1-4: TDM and overlapping UL transmissions for multi-TRP with 2 TAs
· Proposals: 
· Option 1: (Apple, MediaTek)
· For FR2, RAN4 shall start from assumption that UE is only able to perform TX from one panel at a time. 
· It is proposed to wait for more RAN1 input before RAN4 further discussion.
· Option 2: 
· When the UE does not support UL STxMP transmission: (Nokia, Huawei, ZTE, Samsung, vivo)
· Postpone discussion and wait for further progress from RAN1. 
· When the UE support UL STxMP transmission (FR2 only) (Nokia, Huawei, ZTE, Samsung)
· no restrictions from RRM perspective
· Option 3: If UL transmissions associated with different TAs overlap, the earlier slot is reduced in duration relative to the later slot. (Ericsson)
· Option 4: (Xiaomi)
· Scheduling restriction is needed in specific scenarios for TDM UL two TA cases.
· Wait to see the switching time discussion in the RF section of the switching time.
According to the WID, the (yellow highlighted) note under this objective implies it includes both simultaneous and non-simultaneous UL transmission from multiple panels. It clearly says that simultaneous UL transmission from multiple panels, the operation will only be limited to the objective 6 scenarios, which is targeting CPE/FWA/vehicle/industrial devices (if applicable).
	6. Study, and if needed, specify the following items to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability, focusing on FR2 and multi-TRP, assuming up to 2 TRPs and up to 2 panels, targeting CPE/FWA/vehicle/industrial devices (if applicable)
· UL precoding indication for PUSCH, where no new codebook is introduced for multi-panel simultaneous transmission
· The total number of layers is up to four across all panels and total number of codewords is up to two across all panels, considering single DCI and multi-DCI based multi-TRP operation.
· UL beam indication for PUCCH/PUSCH, where unified TCI framework extension in objective 2 is assumed, considering single DCI and multi-DCI based multi-TRP operation
· For the case of multi-DCI based multi-TRP operation, only PUSCH+PUSCH, or PUCCH+PUCCH is transmitted across two panels in a same CC.


STxMP is still being discussed in RAN1. So far it is unclear to us whether these are applicable. At least from RAN4 requirement perspective we don’t think this can be stably supported. therefore, we have no problem with starting from assumption that Tx from one panel at a time.
[bookmark: _Ref135042134]Proposal 3: For FR2, RAN4 shall start from assumption that UE is only able to perform TX from one panel at a time.

The last issue 
Issue 2-1-5: TAG management for multi-TRP with 2 TAs
· Proposals: 
· Option 1: (Apple)
· RAN4 can do some study on TAG management for multi-TRP with 2 TAs.
· For example: Once it is about to exceed the limit UE can support, UE can send some indication to network so that network can e.g. indicate UE to fall back to single TA to avoid waste of UL resource since UE anyway cannot maintain two UL soon.
· Option 2: use LTE CA requirements as baseline (Ericsson, Huawei, ZTE)
· Option 3: FFS (vivo, MediaTek, Samsung)
Based on previous agreement on MTTD, two TAs can be supported only if actual TTD is no larger than the limit that UE can support. Especially for the baseline UE, when actual TTD > CP + M1/M2, UE may not be able to maintain the two UL transmission. The actual TTD is determined by propagation delay difference between UE and the two TRPs. Due to UE movement or rotation, actual TTD would change from time to time. Note that actual TTD is observed at UE side. Network may have such information timely. It is worthwhile to study how to address this issue. For instance, we could let UE monitors the actual TTD. Once it is about to exceed the limit UE can support, UE can send some indication to network so that network can e.g. indicate UE to fall back to single TA to avoid waste of UL resource since UE anyway cannot maintain two UL soon.
Regarding option 2. We would like to highlight that difference from CA/DC is that the baseline UE can only support RTD<=CP for this non-collocated scenario on the same frequency, which is hard to be guaranteed. In legacy CA/DC, it is typical that UE uses separate receivers to handle different CCs. Therefore, TTD larger than CP is not problematic. Back to this objective, i.e. non-collocated scenario on the same frequency, especially for the baseline UE, without any solution NW cannot enable this feature if in some area UE may see TTD>CP, even though in most of the coverage RTC<=CP is achievable. In CA/DC, MTTD/MRTD for non-collocated scenario is quite large, e.g. corresponding to ISD=9km in FR1 and 1.5km in FR2, which can cover most typical deployment.
Besides, in last RAN4 meeting we received some questions on our proposals. We would like to provide some response here:
Q: what is the limit UE can support? 
A: it could be the MRTD/MTTD supported by the UE. E.g. for baseline UE, the limit could be CP. For advanced UE it could be 30+us MRTD/MTTD RAN4 agreed.
Q: When will UE send the assistance information to NW? from the very beginning or the condition varies as time goes by?
[bookmark: _Ref127535274]A: we are open for further discussion. For instance, UE can indicate it once actual RTD reaches the limit with some margins.
[bookmark: _Ref135042137]Proposal 4: RAN4 shall consider some enhancement on TAG management for multi-TRP with 2 TAs. For example: Once it is about to exceed the limit UE can support, UE can send some indication to network so that network can e.g. indicate UE to fall back to single TA to avoid waste of UL resource since UE anyway cannot maintain two UL soon.
 


3. Conclusion
In this contribution, we provide further discussion on improvement on multi-DCI mult-TRP with two TAs in R18 MIMO. After discussion, the following conclusions are provided:
Proposal 1: assumption on M1/M2 for MTTD for UE not capable of supporting RTD>CP:
· If UE supports sTxMP
· The MTTD between multiple TRPs can be defined as (CP + M1) for FR1 and (CP + M2) for FR2, M1=1.6us and M2=0.5 us 
· If UE doesn’t support STxMP
· Wait for RAN1 further progress for gap/scheduling restriction
· No MTTD requirements for this case.
Proposal 2: in UL timing requirements, some clarification needs to be added to accommodate
· Two DL reference timings are supported where each DL reference timing is associated with one TAG.
· Two TAGs associated with different UL/joint TCI state.
Proposal 3: For FR2, RAN4 shall start from assumption that UE is only able to perform TX from one panel at a time.
Proposal 4: RAN4 shall consider some enhancement on TAG management for multi-TRP with 2 TAs. For example: Once it is about to exceed the limit UE can support, UE can send some indication to network so that network can e.g. indicate UE to fall back to single TA to avoid waste of UL resource since UE anyway cannot maintain two UL soon.
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