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1 Introduction
In previous RAN4 meetings, we discussed the RRM impacts on timing requirements and had consensus on some items such as MTTD requirements. However, there are two FFS in other timing requirements.
In this contribution, we continue to discuss FFS and open issues.
2 Discussion
In last meeting, for uplink transmission timing requirements, it is still FFS on how to achieve downlink timing as below:
	Issue 2-1-2: DL reference timing
Agreement:
· 
For multi-DCI based multi-TRP operation with two TAs, for each TAG, the uplink transmission timing takes place  before downlink timing which is associated with UL/joint TCI state. The UL/joint TCI states associated to one coresetPoolIndex correspond to one TAG. 
· FFS
· Option 1: (Huawei)
· DL RS in DL/Joint TCI state of PDCCH is used as reference for deriving the UL timing when both the PDCCH and the uplink are associated to the same coresetPoolIndex indicated UL/Joint TCI state.
· Option 2: (Nokia, Ericsson)
· DL RS associated to the indicated UL/Joint TCI state should be tracked.


When looking into legacy requirements:
	
The UE shall have capability to follow the frame timing change of the reference cell in connected state or when transmiting PUSCH on CG resources for SDT in RRC_Inactive. The uplink frame transmission takes place  before the reception of the first detected path (in time) of the corresponding downlink frame from the reference cell. For serving cell(s) in pTAG, UE shall use the SpCell as the reference cell for deriving the UE transmit timing for cells in the pTAG. For serving cell(s) in sTAG, UE shall use any of the activated SCells as the reference cell for deriving the UE transmit timing for the cells in the sTAG. UE initial transmit timing accuracy and gradual timing adjustment requirements are defined in the following requirements.
When the UL SCS is 120 kHz or smaller, the UE shall meet the Te requirement for an initial transmission provided that at least one SSB is available at the UE during the last 160 ms. When the UL SCS is 480 kHz the UE shall meet the Te requirement for an initial transmission provided that at least one SSB is available in the last 80 ms. When the UL SCS is 960 kHz the UE shall meet the Te requirement for an initial transmission provided that at least one SSB is available in the last 40 ms. The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus [image: ]. The downlink timing 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. NTA for PRACH is defined as 0.


In legacy requirements, the downlink timing is specified as the first detected path of the corresponding downlink frame from the reference cell. But how UE can detect first path, it is UE implementation. RAN4 only requires at least one SSB is available at the UE during the last 160ms. In the test case, it is the first path (in time) of DL SSB. 
Come back to the m-DCI m-TRP with two TA in Rel-18, according to RAN1 agreements, it can support intra-cell multi-DCI based m-TRP and inter-cell multi-DCI based m-TRP operation. 
In agreements in RAN1#110bis-e
	From Oct 10th GTW session
Agreement
For multi-DCI multi-TRP operation with two TAs in a CC, two DL reference timings are supported where each DL reference timing is associated with one TAG
· baseline assumption is that the Rx timing difference between the two DL reference timings is no larger than CP length 
· as an optional UE capability, Rx timing difference between the two DL reference timings can be assumed to be larger than CP length
· FFS: the maximum Rx timing difference (could be up to RAN4)
· Other than UE capability details and relevant configuration, no additional RAN1 specification enhancement specific for this case is expected



If no further enhanced requirements in FFS bullet, our understanding is: it is only downlink timing. The two downlink reference timings can be derived from the reference CC. Whether/how to perform fine downlink timing depends on UE implementation. 
For option 1, if it is intra-cell/inter-cell m-DCI based m-TRP, UE will use each downlink timing for multiple TRPs from the PDCCH reception. 
For option 2, it indicates UE needs to perform fine time tracking based on DL-RS associated to the indicated UL/Joint TCI state which brings more accurate timing when the TCI states is changed after PDCCH reception. The disadvantage is additional UE effort. Another issue in option 2 is: if the reference signal of the indicated UL/Joint TCI state is SRS but not DL-RS, which DL-RS will be used?
Proposal 1: In order to support more scenarios and accurate timing in multiple cases, we are fine to option 2: DL RS associated to the indicated UL/Joint TCI state should be tracked in the condition of reference signal of the indicated UL/Joint TCI state is CSI-RS. 

In last RAN4 meeting, companies continued the discussion on TAG management for m-TRP with 2TAs as below:
	Issue 2-1-4: TAG management for multi-TRP with 2 TAs
Way forward:
· Option 1: (Apple, Nokia)
· RAN4 shall consider some enhancement on TAG management for multi-TRP with 2 TAs.
· Option 1a: 
· UE indicates its category to NW after access NW (baseline UE or advanced UE).
· Network configures UE to monitor RTD between the two TRPs. 
· UE monitors the RTD consistently, and report to network when status changes (e.g. RTD becomes larger than CP for baseline UE)
· Upon receiving RTD status change from UE, network can update configuration accordingly (e.g. fallback to single TAG).
· Option 2: (MediaTek, Huawei)
· When the uplink transmission timing difference between two TAGs exceeds the MTTD value, do not define RAN4 RRM requirements. It’s up to UE implementation on how to handle in this case. 
· Option 3: (Samsung)
· UE may stop transmitting the UL transmissions for any of the two TAGs if the uplink transmission timing difference between two TAGs exceeds the MTTD value.


In the options above, a new mechanism is introduced in option 1. Option 2 is the legacy NR requirements for CA/DC. Option 3 is the legacy LTE requirements for CA/DC.
From the description in option 1, it can be observed that UE needs to monitors the RTD between two TRPs. Firstly, it is not clear that how often UE should monitor and report in Option 1. Secondly, if UE is in the location which the RTD becomes larger than CP, then network fallback to single TAG for this UE. Our understanding is two TRPs uses one TAG which uplink timing is derived from another TRP which is larger than CP. It will degrade the performance of the other UEs at gNB side. It should be avoided in the network. In addition, we think the two TA and single TA configuration and changes/reconfiguration mechanism should be in RAN1 discussion. For Rel-18 MIMO WI, RAN1 has completed and we haven’t observed the agreements of this function. And no new function is expected to be added in RAN1 in this release. Compared option 2 and 3, option 3 can be one of UE implementation in Option 2. For option 2 and 3, we don’t have strong views of the UE behaviour. From the network performance perspective, it is preferred to have a clear UE behaviour such as the simplest approach: UE may stop transmitting the UL transmissions for any (or dedicated) of the two TAGs if the uplink transmission timing difference between two TAGs exceeds the MTTD value. If no requirements in option 2, which depends on UE implementation, the system performance may be with some degradation but still works. It can be compromised if the degradation can be acceptable. 
Proposal 2: For TAG management for multi-TRP with 2 TAs, from the network performance perspective, it is preferred to have a clear UE behaviour such as: UE may stop transmitting the UL transmissions for any (or dedicated) of the two TAGs if the uplink transmission timing difference between two TAGs exceeds the MTTD value. 
3 Conclusion
In this contribution, we provide our consideration of timing requirements and our proposals are:
Proposal 1: In order to support more scenarios and accurate timing in multiple cases, we are fine to option 2: DL RS associated to the indicated UL/Joint TCI state should be tracked in the condition of reference signal of the indicated UL/Joint TCI state is CSI-RS.
Proposal 2: For TAG management for multi-TRP with 2 TAs, from the network performance perspective, it is preferred to have a clear UE behaviour such as: UE may stop transmitting the UL transmissions for any (or dedicated) of the two TAGs if the uplink transmission timing difference between two TAGs exceeds the MTTD value. 
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