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[bookmark: clause4][bookmark: _Toc2086441]1	Introduction
In previous meeting the following issues were listed in approved WF [1]. In this contribution we discuss the issues related to Topic#2 Timing requirements when two TAs are introduced:
	…
2. Topic#2 Timing requirements when two TAs are introduced
Issue 1-1-1: In general, whether to define new MTTD/MRTD requirements?
Agreement: 
· Specify new MTTD/MRTD requirements for multi-DCI multi-TRP operation with 2 TAs, capture all the agreements related.

Issue 1-1-2: How to specify new MRTD requirements for UE not supporting RTD>CP?
Agreement: 
· For UE not supporting RTD>CP MRTD = CP

[bookmark: _Hlk131174034]Issue 1-1-3: What is the assumption on M1/M2 for MTTD for UE not capable of supporting RTD>CP?
· Proposals
· Option 1: M1=M2=0 (Apple, MediaTek, vivo)
· Option 1a: in both FR1 and FR2, for both intra-cell and inter-cell multi-TRP, the MTTD between multiple TRPs can be assumed within a CP length as baseline. (Apple)
· Option 2: The MTTD between multiple TRPs can be defined as (CP + 1.6µs) for FR1 and (CP + 0.5µs) for FR2, e.g. M1=1.6us and M2=0.5 us. (Nokia, Xiaomi, Samsung, Huawei, Ericsson, Qualcomm)

Issue 1-1-4: Whether to allow simultaneous UL transmission on multiple TX panels for multi-TRP with 2 TAs?
· Proposals
· Option 1: For FR2 UEs, only able to TX from one panel at a time. (vivo)

Issue 1-1-5: Reference timing
· Proposals
· P1: Clause 7.1: some clarification may be needed in the Introduction section regarding reference for UL Tx timing (Apple)
· P2: 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. (Nokia)
· P3: Single reference timing is feasible. (Samsung)
· P4: RAN4 need to study how to select the DL reference timing for each TAG on a CC and RAN1’s inputs on TAG association are needed. (Huawei)
· P5: RAN4 should discuss whether single reference timing shall be considered or not and if it is considered. (Ericsson)
· P6: FFS, more RAN1 inputs are needed.

Issue 1-1-6: For multi-DCI multi-TRP with two TAs, whether to consider the case of two UL transmissions associated with two TAs are partially overlapped?
· Proposals
· Option 1: RAN4 need to study the following two aspects: (Huawei)
· Whether or when partially overlapped UL transmissions with different TAs is allowed.
· How to handle overlapping part between two UL transmissions associated with two TAs if not allowed.
· Option 2: From RAN4 RRM perspective, for TDM based multi-DCI uplink transmission in one component carrier, considering the worst case, the minimal separation between the two UL transmissions associated with two TAs should not be less than the transient period specified in RF specs. Overlapping between UL transmission is not allowed. (vivo) 

Issue 1-1-7: Whether to consider transient period between 2 UL signals with 2 different TAs for MRTD and MTTD requirements?
· Proposals
· Option 1: Not to consider the transient period for MRTD and MTTD requirement. (Xiaomi, Samsung, Huawei)
· Option 1a: There is no need to define the transient period for uplink timing adjustment operation. For UE not capable of supporting RTD>CP, the performance degradation is expected for the first symbol of the first slot after the switching between two UL signals with different TAs, when the timing difference between the two UL signals exceeds the CP length of UL SCS for data. (Huawei)

Issue 1-1-8: Whether scheduling restriction should be considered for multi-DCI uplink transmissions in TDM manner?
· Proposals
· Option 1: Yes, specify scheduling restriction. (Xiaomi, Samsung)
· Option 2: No

Issue 1-1-9: Whether to study on TAG management for multi-TRP with 2 TAs?
· Proposals
· Option 1: RAN4 needs to do further study on TAG management for multi-TRP with 2 TAs. (Apple)

Issue 1-1-10: Whether to relax the UE TA adjustment accuracy requirements?
· Proposals
· Option 1 (vivo)
· For TDM based multi-DCI uplink transmission with 2-TAs in one component carrier, considering the worst case, 
· If the Tx timing difference between two UL transmissions associated with different TAs meets the restriction that the minimal separation between the two UL transmissions at UE side is less than the transient period specified in RF specs, then TA adjustment accuracy can be ensured; 
· Otherwise, RAN4 may need to relax the UE TA adjustment accuracy requirements. 
…


2	Discussion
2.1	Issue 1-1-3: What is the assumption on M1/M2 for MTTD for UE not capable of supporting RTD>CP?
2.1.1	Introduction
In previous meeting RAN4 sent LS response for RAN1 LS (R1-2205593). Content of the response is captured below. 
RAN4 thanks RAN1 for the LS on maximum uplink timing difference between the two TAs for multi-DCI multi-TRP with two TAs. After RAN4 further discussion, following values are agreed as MTTD values.
For a UE capable of supporting Receive Time Difference (RTD) > CP, MRTD/MTTD value for FR1 is 33/34.6 µs and MRTD/MTTD value for FR2 is 8/8.5 µs.
For a UE not capable of supporting RTD>CP, MTTD is within (CP + M1 µs) for FR1 and MTTD is within (CP + M2 µs) for FR2. Where M1 and M2 are FFS in RAN4.
[bookmark: _Toc5952573]We think before discussing the MTTD for MRTD less than CP, we need to agree on the transmit timing requirements for the UE with multi-TA. In last meeting RAN1 agreed on the following. 
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

From the above agreement, we can observe that RAN1 agreed to support two DL reference timings for multi-DCI and multi-TA scenario. This means that, in Rel-18 there can be two TAGs and two DL reference timings (each TAG is associated with a TA and DL reference timing) associated with a serving cell. When UE supports two DL reference timings, UL transmit timing corresponding to each TAG shall satisfy the legacy transmit timing error requirements. 
Proposal 1: 	If UE is configured with two TAGs per serving cell, transmit timing corresponding to each TAG shall follow existing transmit timing error requirements.

For each TAG or each UL transmission, maximum error possible at the gNB is 
TBSE = Te + TACE + TAAE                                                                                                            (1)
Where:
· Te = UE transmit timing error (section 7.1.2, TS 38.133)
· TACE = TA command resolution error (section 4.2, TS 38.213)
· TAAE = TA adjustment accuracy (section 7.3.2, TS 38.133)

For FR1, for SCS of 15 kHz, TBSE corresponds to 24Ts (12Ts + 4Ts+ 8Ts). That means TBSE is 0.786µs. 
TBSE can also be thought as maximum transmission error that is allowed at the UE per one UL transmission corresponding to one DL reference timing. When two TAGs are configured, maximum error possible is 2*TBSE=1.6µs. The transmission error is w.r.t DL timing reference and therefore MTTD can be represented as MRTD + 2*TBSE = MRTD +1.6µs.
From the last meeting agreement M1 is 1.6µs
For FR2, TBSE corresponds to 7Ts. That means TBSE is 0.228µs. 
For FR2, MTTD = MRTD + 2*TBSE and from the last meeting agreement M2 is 0.456µs or 0.5µs
Proposal 2: 	For dual reference timing M1 is 1.6µs and M2 is 0.5µs.
For single reference timing, UE may be using single reference timing for UL transmission. When single reference timing is used to transmit to two TRP, the two TRP may be using same baseband or different baseband and RAN4 should further discuss whether this case is possible or not and if possible, what should be the values of M1 and M2 for this case. 
Proposal 3: 	RAN4 should discuss whether single reference timing shall be considered or not and if it is considered, M1 and M2 should be further studied. 
2.2	Issue 1-1-5: Reference timing
In [2] Ericsson concludes, in RAN1, that on DL reference timing, the following was agreed in 
RAN1#110bis-e:
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

We note there is a need to define a rule to let the UE determine which DL RS to use as timing reference for each of the two TAGs. When the TAG Id is included in the TCI state, the association becomes trivial: the TCI state will contain a DL reference signal, either the RS that defines the spatial UL TX filter, or the PL RS. This DL RS could be used to define the timing reference for the corresponding UL transmission.  One DL RS is transmitted from one TRP, so the timing defined by a DL RS is the timing of the corresponding TRP:
[bookmark: _Ref101972857][bookmark: _Toc131602660]Proposal 4: 	The timing reference for any UL transmission is the reference signal in the UL or joint TCI state providing the UL TX spatial filter. If the reference signal in the UL or joint TCI state providing the UL spatial TX spatial filter is an SRS, the PL RS for the UL TCI state provides the timing reference.
2.3	Issue 1-1-6: For multi-DCI multi-TRP with two TAs, whether to consider the case of two UL transmissions associated with two TAs are partially overlapped?
We note that there already exists a rule to handle overlapping UL transmissions in 38.213:
Excerpt from 38.213, clause 4.2:
If two adjacent slots overlap due to a TA command, the latter slot is reduced in duration relative to the former slot. The UE does not change  during an actual transmission time window for a PUSCH or a PUCCH transmission [6, TS 38.214].

In legacy, the reason for the overlap is that the (single) TA changes from one slot to another, which is a rather rare event. Note that the legacy rule may imply that the DMRS is dropped, which would make it impossible to receive the UL transmission in the later slot. Since the overlap will be more common for the mTRP deployment, the legacy principle may not be suitable. Instead, we propose that the earlier slot is shortened, to ensure that the UE transmits DMRS in the later slot:
[bookmark: _Ref131431728][bookmark: _Toc131695620]Proposal 5: 	If UL transmissions associated with different TAs overlap, the earlier slot is reduced in duration relative to the later slot.
This would mean that the last part of the first slot is dropped, which will lead to worsened performance at reception. But since the UE cannot transmit both signals at the same time, the UE will not be able to transmit for the full duration of the two slots, and this will lead to a performance loss – there is no way to avoid that. Shortening of the first slot will impact the link adaptation, but the outer-loop link adaptation in the gNB will take care of that. Alternatively, the gNB can adapt its scheduling to avoid the overlap, which is up to NW implementation.
3 	Summary
Proposal 1: 	If UE is configured with two TAGs per serving cell, transmit timing corresponding to each TAG shall follow existing transmit timing error requirements.

Proposal 2: 	For dual reference timing M1 is 1.6µs and M2 is 0.5µs.
Proposal 3: 	RAN4 should discuss whether single reference timing shall be considered or not and if it is considered, M1 and M2 should be further studied. 
Proposal 4: 	The timing reference for any UL transmission is the reference signal in the UL or joint TCI state providing the UL TX spatial filter. If the reference signal in the UL or joint TCI state providing the UL spatial TX spatial filter is an SRS, the PL RS for the UL TCI state provides the timing reference.
Proposal 5: 	If UL transmissions associated with different TAs overlap, the earlier slot is reduced in duration relative to the later slot.
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