3GPP TSG-RAN WG1 Meeting #112	R1-2300094
Athens, Greece, February 27th – March 3rd, 2023

Agenda Item:	9.1.1.2
Source:	Huawei, HiSilicon
Title:	Study on TA enhancement for UL M-TRP transmission
Document for:	Discussion and Decision

Introduction
1. 
In previous meetings, some agreements pertaining to TA enhancement for UL M-TRP transmission were achieved. While, there are still some issues that need to be further discussed. In this paper, we provide our views on the remaining issues.

Discussion
TAG configuration
	Agreement (RAN1#109)
Support two TA enhancement for both intra-cell and inter-cell multi-DCI multi-TRP scenarios in Rel-18.
Agreement (RAN1#110)
For multi-DCI based multi-TRP operation with two TAs, support configuring two TAGs belonging to a serving cell.


In RAN1#109-e [4], TA enhancement for both intra-cell and inter-cell M-TRP scenarios were agreed. For intra-cell M-TRP scenario, it was agreed that two TAGs can be configured for a serving cell in RAN1#110 [3]. While, TAG configuration for inter-cell M-TRP scenario was not discussed yet.
In legacy TA framework, TAG is only configured for the serving cell. Hence, in inter-cell M-TRP case, TA value of the non-serving cell cannot be maintained based on current TA framework. For example, gNB is not able to update TA value of a non-serving cell via legacy MAC-CE as the legacy MAC-CE updates TA value based on TAG ID. To address this issue, a simple way is to configure a TAG for each non-serving cell. However, as UE can be configured with up to 7 non-serving cells (i.e., additional PCIs), the number of TAGs (up to 4) is not enough if each non-serving cell is configured with a different TAG ID. Fortunately, as only one of the 7 non-serving cells can be activated at one time, all the non-serving cells can share the same TAG ID. In other words, all the non-serving cells configured for inter-cell M-TRP transmission can be configured with the same TAG ID. No matter which one of them is activated, the TAG can be used for TA maintenance for it. In detail, once a non-serving cell is activated by TCI-state updating MAC-CE, UE will replace the TA of the TAG by the TA of the non-serving cell, which can be obtained by RACH procedure mentioned in section 2.4.2. Then, UE can maintain TA of the non-serving cell via receiving TA updating MAC-CE that includes the TAG ID. 
Proposal 1: Support configuring the same TAG ID for all the configured non-serving cells in inter-cell M-TRP case.

[bookmark: _Hlk108366498]TAG association to UL channels/signals
In UL M-TRP transmission with two TAs, UE shall determine which TA should be applied for a specific UL transmission. The following options were discussed in RAN1 #110bis-e.
	Agreement (RAN1 #110bis-e)
For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, the four options agreed in RAN1#110bis-e are refined as below (down-selection of one or a combination of the options to be performed in RAN1#111):
· Option 1: Associate TAG to TCI-state/spatial relation
· Configure TAG ID as part of UL/joint TCI state or spatial relation
· for UL transmission, the TAG ID associated with the UL/joint TCI state or spatial relation is utilized
· Option 2: Associate TAG to CORESETPoolIndex
· for dynamically scheduled/activated PUSCH, TAG associated with the CORESET pool index of the CORESET carrying the scheduling/activating PDCCH is utilized for UL transmission
· for Type 1 CG, P/SP-SRS, and P/SP-PUCCH, coresetPoolIndex is RRC-configured.
· FFS: Other signals/channels: AP-SRS, and dynamic HARQ-ACK
· Option 3: Associate TAG to SSB group (if such an association is agreed in agenda 9.1.1.2). For a UL transmission, UE adopts the TAG associated with the SSB group such that
· if the PL RS is an SSB, then the UE adopts the TAG associated with the SSB group which the PL RS of the UL transmission belongs to
· if the PL RS is a CSI-RS, then the UE adopts the TAG associated with the SSB group which the QCL source SSB of the PL RS belongs to 
· Option 4: TAG association performed as follows:
· for dynamically scheduled/activated channels/signals, TAG associated with the CORESET pool index of the CORESET carrying the scheduling PDCCH is utilized for UL transmission
· for P/SP UL channels / signals (not scheduled or activated by DCI), TAG ID is RRC-configured.


In Option 1, TAG and TCI-state/spatial relation are associated. UE can determine the TA for a UL transmission based on the TCI-state/spatial relation used for that UL transmission. The principle is simple and the spec impact is small. In addition, the use case of Option 1 is not limited to mDCI based M-TRP transmission. It can also be applied for other scenarios, like sDCI based M-TRP transmission and L1/L2 mobility. In other words, it has a good forward compatibility. However, this method cannot work in FR1 under legacy TCI framework in which both TCI-state and spatial relation are not applied for UL transmission.
Observation 1: Option 1 has a small spec impact and good forward compatibility, but cannot be applied for FR1 under legacy TCI framework.
In Option 2, each TAG is associated with a CORESETPoolIndex. For an UL transmission, UE adopts the TAG associated with the CORESETPoolIndex which is associated with the UL transmission. This requires that every UL channel/RS is associated with CORESETPoolIndex. This will introduce huge spec impacts as none of the UL channels/RS is associated with CORESETPoolIndex in current spec. In addition, the principle for the association between CORESETPoolIndex and different types of UL channels/RSs or the same type of UL channel/RS in different cases can be diverse. Following are some examples.
· PUSCH
· For DG based PUSCH, CORESETPoolIndex associated with the scheduling PDCCH can be considered to be associated with the PUSCH.
· For CG based PUSCH transmission, the associated CORESETPoolIndex need to be configured in the configuration of the CG transmission.
· PUCCH
· [bookmark: _Hlk118213309]For PUCCH used for separate HARQ-ACK feedback of PDSCH, CORESETPoolIndex associated with the scheduling PDCCH of the PDSCH can be considered to be associated with the PUCCH.
· For PUCCH used for joint HARQ-ACK feedback of PDSCH, CORESETPoolIndex associated with the PUCCH can be considered to be configured.
· For PUCCH used for BFR, a PUCCH is associated with a BFD-RS set. If the BFD-RS set is associated with a CORESETPoolIndex (e.g., CORESETPoolIndex 0) by implicit BFD-RS derivation, then the PUCCH can be considered to be associated with CORESETPoolIndex 0 implicitly. When TRP corresponding to CORESETPoolIndex 0 fails, the PUCCH associated with the failed TRP (i.e., PUCCH associated with CORESETPoolIndex 0) should be transmitted to the working TRP corresponding to CORESETPoolIndex 1. However, according to Option 2, since the PUCCH is associated with CORESETPoolIndex 0, TA of the failed TRP link will be used to transmit the PUCCH. This is problematic. One may argue that CORESETPoolIndex 1 can be configured to the PUCCH to indicate the TA info. However, since the PUCCH is associated with CORESETPoolIndex 0 implicitly, it becomes confusing if the PUCCH is further associated with CORESETPoolIndex 1. How can UE understand thus kind of case is still unclear and need to be studied further.
· SRS
· For SRS with usage ‘codebook’/ ‘nonCodebook’, when two SRS resource sets are configured, they can be associated with two CORESETPoolIndex values based on configuration or a fixed rule, e.g., the 1st/2nd SRS resource set is associated with the CORESETPoolIndex 0/1. 
· For SRS with usage ‘antennaSwitch’/ ‘beamManagement’, how to associate these kinds of SRS to CORESETPoolIndex is still unclear and needs further study. RAN1 may need to introduce configuration of two SRS resource sets for SRS with usage ‘antenna switch’/ ‘beamManagement’ similar to SRS with usage of ‘codebook’/ ‘nonCodebook’.
As given above, Option 2 requires RAN1 to specify the principle of association between CORESETPoolIndex and every type of UL channel/RS or the same type of UL channel/RS in different cases, which requires huge spec impact. If Option 2 is supported, it can be imaged that RAN1 will spend plenty of time to discuss all the details of association under Option 2. Considering there are 7 objectives in MIMO agenda, it is not wise to spend so much on that.
Observation 2: The spec impact of Option 2 is huge as it requires to specify the principle of association between CORESETPoolIndex and every type of UL channel/RS or the same type of UL channel/RS in different cases.
Moreover, in Option 2, every UL channel/RS is bundled to a target TRP tightly. Once configured, the target TRP of UL channel/RS cannot be updated anymore. This is because that the update of TAG and update of beam/PL RS caused by target TRP update is not aligned in time. According to Option 2, TAG of UL channel/RS is determined by the associated CORESETPoolIndex which is configured by RRC at least for P/SP RS and CG based channel. So, update of TAG is based on RRC reconfiguration with a latency of dozens of milliseconds. While, the update of beam/PL-RS can be based on MAC-CE or DCI which has a much smaller latency (e.g., 3ms). So, there exists a period of time in which the TAG and beam/PL RS for a UL channel/RS is not corresponding to the same TRP. This is obviously problematic. 
Target TRP update should be allowed for some channels/RS. For example, when joint HARQ-ACK codebook is configured, HARQ-ACK information of the two TRPs are feedback by the same PUCCH. For this PUCCH, there is no need to bundle it to a specific TRP. UE can transmit it to either TRP with a relatively better channel quality as the channel quality of the two TRPs may change a lot during UE mobility.
Observation 3: Based on Option 2, every UL channel/RS is tightly bundled to a TRP. Update of target TRP for UL channel/RS is not feasible as update of TA (RRC based) and update of beam/PL RS (MAC-CE/DCI based) to a new TRP is not aligned in time.
In addition, option 2 can be only applied in very limited use cases, i.e., mDCI based M-TRP case. As the whole design is closely dependent with CORESETPoolIndex, it has a poor forward compatibility as it cannot be used for other scenarios, like sDCI based M-TRP transmission and L1/L2 mobility. For example, when conducting SRS based UL beam management in a neighbor cell (e.g., beam management prior to handover), UE needs to transmit SRS with the TA of the neighbor cell. How can the UE determine the correct TA based on CORESETPoolIndex? It seems not feasible. One may argue that the target use case of the WID is mDCI based M-TRP case. However, it doesn’t mean the design should be limited to such case. If a solution can be applied for not only mDCI based M-TRP case but also other cases, it surely outperforms Option 2.
Observation 4: Option 2 has a poor forward compatibility and cannot be used in scenarios like sDCI based M-TRP transmission and L1/L2 mobility.
[image: ]
Figure 1. Bundling of TA and PL RS
The principle of Option 3 lies on the fact that the TA and PL RS of an UL transmission should correspond to the same TRP. Hence, UE can determine the TRP corresponding to the UL transmission based on its PL RS and then adopt the TA corresponding to the TRP for the UL transmission. 
Such principle is simple and can be applied for both FR1 and FR2. It can also be easily extended to other scenarios, e.g., inter-cell M-TRP case, sDCI based M-TRP case, and L1/L2 mobility case. Following are some details.
· For inter-cell M-TRP case, SSBs of serving cell and SSBs of the non-serving cell are associated with different TAGs/TAs. For any UL transmission, if its PL RS is an SSB of the serving cell, TAG of the serving cell is used. While, if its PL RS is an SSB of the non-serving cell, TAG of the non-serving cell is used. If the PL RS is a CSI-RS, the QCL source SSB of the CSI-RS is used to determine the TA.
· For sDCI based M-TRP cases, Option 3 can be directly used as it is independent with CORESETPoolIndex.
· For L1/L2 mobility case, SSBs of each neighbor cell are associated with different TAGs/TAs. For any UL transmission, if its PL RS is an SSB of a neighbor cell, TA of the neighbor cell is used. If the PL RS is a CSI-RS, the QCL source SSB of the CSI-RS is used to determine the TA.
Observation 5: Option 3 can be applied for both FR1 and FR2 and can be easily extended for other scenarios, such as sDCI based M-TRP case and L1/L2 mobility.
In option 4, each TAG is directly associated with channels/RSs. For example, the associated TAG can be configured for PUCCH for periodical CSI feedback, periodical SRS, CG based PUSCH. However, for other channels/RS, the principle of the association relationship is still unclear. Compared with option 2, it may have better compatibility for sDCI based M-TRP transmission, since TAG is associated with channels other than CORESETPoolIndex. However, the above association still cannot be directly used for other scenarios, like L1/L2 mobility scenario where new association principle between TAG and channels/RSs may be needed. In addition, for PUCCH for joint HARQ-ACK feedback, it has the same disadvantage that target TRP update is not feasible as the associated TAG is RRC-configured, and thus the update of TA caused by target TRP update is not aligned with the update of beam/PL RS (which is based on MAC-CE/DCI) in time. In addition, the principle for the association between TAG and different types of UL channels/RSs or the same type of UL channel/RS in different cases can be diverse, which requires big spec impact.
Observation 6: Similar to Option 2, Option 4 doesn’t support updating target TRP for UL channel/RS, as update of TA (RRC based) and beam/PL RS (MAC-CE/DCI based) caused by target TRP update is not aligned in time.
Based on the above analysis, the comparison between the four options are given in Table 1. It can be seen that Option 3 are the best in terms of supporting of FR1+FR2, spec impact and forward compatibility. Hence, we support option 3. For Option 3, some companies mentioned that the concept of SSB group is not supported in current spec. However, Option 3 does not need explicit grouping of SSB. Instead, gNB only need to associated each SSB to a TAG and then the UE can determine the correct TAG based on SSB. The only spec change brought by option 3 on configuration is that each SSB is configured with an associated TAG and it has no impact on the mDCI based M-TRP framework. Another concern of Option 3 is that it needs multi-step QCL relationship like PL_RS→TRS→SSB, which looks complicated. However, we think this is not complicated at all since the concept of TCI chain has already been introduced in 38.133. It is defined that each TCI chain contains one source SSB. So, if the PL RS of an UL transmission is a CSI-RS, UE can easily determine the source SSB based on the TCI chain. RAN1 can simply refer to the definition of TCI chain to simplify the description of Option 3 in RAN1 spec. Base on the above analysis, we propose to support the following update of Option 3.
Proposal 2: Support associating a TAG ID to each SSB (modified Option 3). For a UL transmission,
· if the adopted PL RS is an SSB, UE adopts the TAG associated with the SSB;
· if the adopted PL RS is a CSI-RS, UE adopts the TAG associated with the QCL source SSB of the CSI-RS.
Table 1. Comparison of the Options
	Options
	Support FR1 and FR2
	Small spec impact
	Forward compatibility

	Option 1
	No
	Yes
	Yes

	Option 2
	Yes
	No
	No

	Option 3
	Yes
	Yes
	Yes

	Option 4
	Yes
	No
	No



UL overlapping
	Agreement (RAN1#110)
For multi-DCI based multi-TRP operation with two TAs, study how to handle overlapping part between two UL transmissions associated with two TAs, where the study includes:
· whether to introduce scheduling restriction in overlapping part
· whether to introduce dropping rules 
· whether specification impact is needed, or if the issue can be handled via implementation
· whether to allow overlapped transmission in case the UE supports STxMP transmission (if STxMP feature is agreed in NR Rel-18)

Conclusion (RAN1 #110bis-e)
For multi-DCI based Multi-TRP operation with two TA enhancement, it cannot always be assumed that both TRPs have knowledge of the overlapping region between transmissions corresponding to the two TAs.
Note: This doesn’t prevent the network from applying scheduling restrictions even if the TRPs have no knowledge of the overlapping region


In current specification, UL overlapping exists in the situation with TA update where the new TA is larger than the old TA and hence the slot adopting the new TA is overlapped with the previous slot adopting the old TA. The corresponding solution is to shorten the latter slot by not transmitting on the overlapped part of the latter slot. 
Similarly, UL overlapping also exists in UL M-TRP transmission with two different TA values. For example, for two consecutive UL slots with different TAs, it is likely that the latter slot is overlapped with the first slot. In RAN #110, several issues related to such kind of UL overlapping were proposed for further study. Here we provide our views on these issues.
For UL overlapping caused by TA update, gNB knows the overlapped part, as the two TAs share the same DL reference timing and hence the length of the overlap equals the gap between the new TA and the old TA. So, UE can simply drop the overlapped part by rate match. However, in Rel-18 TA enhancement, it was agreed that it cannot be assumed that both TRPs have knowledge of the overlapping region. In such case, the legacy dropping mechanism cannot work. What’s more, dropping the overlapped part may significantly degrade performance of the latter slot as it happens more frequently than slot overlap caused by TA updating. Hence, legacy dropping rule is not a proper solution. Instead, scheduling constraints in time domain can be introduced to avoid the overlap.
The length of the overlapped part can be derived according to the Maximum Transmission Time Difference (MTTD) supported by UE defined by RAN4 [5], which define the value of MTTD for different UE capability. 
[bookmark: _Hlk124849839][bookmark: _Hlk124865511]For a UE capable of supporting Maximum Receive Time Difference (MRTD) > CP, the MTTD UE shall support is 34.6 µs for FR1 and 8.5 µs for FR2. With such MTTD, the corresponding overlap length of two UL transmission is given in Table 2. Except for SCS=60 kHz in FR1, the overlapped length of two UL transmissions is always smaller than one OFDM symbol. Therefore, one-symbol time gap is enough to avoid UL overlap in cases except for SCS=60 kHz in FR1. While, for SCS=60kHz in FR1, the overlapped length of two UL transmissions is larger than one symbol and smaller than two symbols. Hence, two-symbols time gap is needed to avoid UL overlap.
For a UE not capable of supporting MRTD>CP, the MTTD UE shall support is CP + M1 µs for FR1 and CP + M2 µs for FR2. Where M1 and M2 are FFS in RAN4. In Legacy CA and DC cases, the values of M1 and M2 are 1.6 µs for FR1 and 0.5 µs for FR2. Even though relatively larger values of M1 and M2 are adopted for two TAs based UL transmission, the value of MTTD is still smaller than 1 OS. Therefore, one-symbol time gap is enough to avoid UL overlap.
Table 2 The timing gap assuming RTD> CP
	SCS (kHz)
	1 OS (μs)
	(μs)
	 (num of OS)

	15
	71.35
	34.6<1 OS
	1

	30
	35.68
	34.6< 1 OS
	1

	60
	17.84
	1 OS<FR1: 34.6< 2 OS
FR2: 8.5<1 OS
	FR1: 2
FR2: 1

	120
	8.92
	8.5< 1 OS
	1


Observation 7: For UE capable of supporting MRTD > CP, if SCS=60 kHz is adopted for FR1, the length of UL overlap can be larger than 1 OFDM symbol, but still smaller than 2 OFDM symbols. For all other cases, the length of UL overlap is always smaller than 1 OFDM symbol. 
Observation 8: For UE not capable of supporting MRTD > CP, the length of UL overlap is always smaller than 1 OFDM symbol.
Proposal 3: Support leaving a time gap between two UL transmissions with two different TA values to avoid UL overlap between the two UL transmissions. 
· [bookmark: _GoBack]FFS: The value of time gap. The MTTD defined by RAN4 should be taken into account.

Acquisition of initial TA for the second TRP
Intra-cell M-TRP scenario
	Agreement (RAN1 #111)
For multi-DCI based Multi-TRP operation with two TA enhancement, support the case where a PDCCH order sent by one TRP triggers RACH procedure towards either the same TRP or a different TRP at least for inter-cell Multi-DCI.
· FFS: for intra-cell Multi-DCI
· FFS: whether there are any restrictions needed
· FFS: if cross TRP RACH triggering is an optional feature


With respect to acquisition of initial TA for the second TRP, a PDCCH order sent by one TRP triggering RACH procedure towards either the same TRP or a different TRP for inter-cell M-TRP case has been supported [1]. While for intra-cell M-TRP case, it needs to be further discussed.
In our view, such mechanism should also be supported for intra-cell M-TRP case. We fail to see the motivation why different mechanisms should be adopted for intra-cell M-TRP case and inter-cell M-TRP. Supporting of cross-TRP RACH triggering can be beneficial for both cases. Firstly, it is beneficial for PDCCH load balance. For example, when gNB intends to trigger RACH for TRP1 but PDCCH resources of TRP1 are all used for other purposes, gNB can transmit the PDCCH order via TRP2, instead of waiting for PDCCH resource. Secondly, PDCCH order can be transmitted via the TRP with better quality to ensure the reliability of PDCCH order transmission. Base on above analysis, we have the following proposal.
Proposal 4: Support that PDCCH order sent by one TRP triggers RACH procedure towards either the same TRP or a different TRP for intra-cell M-TRP case.
With respect to acquisition of initial TA for the second TRP in intra-cell M-TRP scenario, the following agreement was made in RAN1 #110bis-e [2]:
	Agreement (RAN1 #110bis-e)
For intra-cell multi-DCI based Multi-TRP operation with two TA enhancement, support at least one of the following alternatives (down selection to be done in RAN1#111):
· Alt 1:  indicate TAG ID as part of TA command in RAR
· Alt 2:  indicate TAG ID as part of PDCCH order
· Alt 3:  divide SSBs into two groups, one for each TRP.  If a SSB associated to a RACH procedure belongs to the nth group (n=1,2), then the TA obtained via the RACH procedure corresponds to the nth TRP.
· Alt 4:  divide RACH resources into two groups, where for a RACH procedure, if the corresponding RACH resource belongs to the nth group (n=1,2), then the TA obtained via the RACH procedure corresponds to the nth TRP.
· Alt 5:  divide preambles into two groups, where for a RACH procedure, if the corresponding preamble belongs to the nth group (n=1,2), then the TA obtained via the RACH procedure corresponds to the nth TRP
· Alt 6:   TAG ID is associated with CORESETPoolIndex and TAG ID is determined based on the CORESETPoolIndex of PDCCH order
· Alt 7:  Each TCI state is associated with a TAG ID, and the TAG ID corresponding to RACH triggered by a PDCCH order is determined based on the TCI state used to receive the PDCCH order
Note: If Alt 1 or Alt 2 is downselected, then it does not preclude indication of two TAG IDs (if supported))


In current specification, initial TA value is indicated by RAR message of RACH procedure which can be triggered by gNB through a PDCCH order. Such kind of mechanism can be reused to obtain the initial TA value of the second TRP. 
In intra-cell M-TRP case, two TRPs are corresponding to the same serving cell. Once receiving an RAR that contains an initial TA value, UE is not able to know whether it is the initial TA for the first TRP or the second TRP. To address this issue, UE should be able to differentiate RACH procedure for different TRPs. In the last meeting, several solutions were listed for down selection. 
For Alt1 and Alt2, UE can differentiate RACH procedure for each TRP according to TAG ID in RAR or PDCCH order. The drawback of such solutions is that it will consume reserved bit(s) of RAR/PDCCH. It should be noted that every reserved bit in PDCCH order and RAR is precious for future enhancement. So, we don’t prefer Alt 1 and Alt 2 considering there are other solutions that don’t need to consume any reserved bit.
Observation 9: Alt1 and Alt2 need to consume reserved bit(s) of RAR/PDCCH which may cause some issues for future enhancement.
For Alt3, Alt4 and Alt5, SSBs/RACH resources/preambles of the serving cell are divided into two groups with each group corresponding to one TRP. UE can determine a RACH procedure is for which TRP according to the corresponding SSB/RACH resource/preamble. These methods don’t consume any reserved bit of RAR/PDCCH. Regarding these three alternatives, we slightly prefer alt 3, as Alt 4 and Alt 5 will lead to loss of flexibility of RACH resource allocation, e.g., preamble/RO of the first preamble/RO group (which is corresponding to TRP1) cannot be used for TRP2. While for Alt3, it does not have such issue as the preambles/ROs of the cell can be used for any TRP. The grouping of SSBs does not lead to loss of flexibility for SSB allocation either, as allocation of SSBs for two TRPs is usually static in implementation. 
Observation 10: Alt 4 and Alt 5 lead to loss of flexibility in preamble/RO allocation. While, Alt 3 has no loss of flexibility in preamble/RO/SSB allocation.
It was agreed in RAN#111 that a PDCCH order sent by one TRP can trigger RACH procedure towards either the same TRP or a different TRP at least for inter-cell M-TRP case. It is natural to also support this mechanism for intra-cell M-TRP case. Therefore, the TAG ID corresponding to the TCI state used to receive the PDCCH order or the TAG ID associated with CORESETPoolIndex of the PDCCH order may be different from TAG ID associated with the TA indicated in RAR. In this case, UE cannot differentiate that the RACH procedure is for which TRP according to Alt 6 and Alt 7.
Observation 11: Alt 6 and Alt7 cannot work if PDCCH order sent by one TRP triggers RACH procedure towards a different TRP.
Based on above analysis, we have the following agreement.
Proposal 5: For acquisition of initial TA for the second TRP in intra-cell M-TRP scenario, we support Alt 3 (i.e., divide SSBs into two groups with each group corresponding to one TRP).
Inter-cell M-TRP scenario
In previous meetings, we reached the following agreements and working assumption on acquisition of initial TA for the second TRP in inter-cell M-TRP scenario:
	Working Assumption (RAN1#111)
[bookmark: _Hlk124762728]For multi-DCI based inter-cell Multi-TRP operation with two TA enhancement, one additional PRACH configuration is supported for each configured additional PCI
· the additional PRACH configuration is used in a RACH procedure triggered by a PDCCH order for the corresponding configured additional PCI 

Agreement (RAN1 #110bis-e)
For multi-DCI based inter-cell Multi-TRP operation with two TA enhancement, support a mechanism to determine which PRACH configuration (i.e., RACH configuration corresponding to serving cell PCI or an additional PCI) to be used in the RACH procedure triggered by PDCCH order
· FFS:  Explicit indication or implicit indication through PDCCH order 

Agreement (RAN1 #110bis-e)
For inter-cell multi-DCI based Multi-TRP operation with two TA enhancement, support one of the alternatives (down selection to be done in RAN1#111):
· Alt 1: PDCCH scheduling RAR will always be received from serving cell  there is no need for additional type 1 CSS configuration per additional PCI
· Alt 2: In addition to PDCCH scheduling RAR being received from serving cell, reception of PDCCH scheduling RAR from a TRP corresponding to an additional PCI for a RACH procedure associated to the additional PCI is supported  additional type 1 CSS configuration per additional PCI needs to be supported


In RAN#111, there was a working assumption that one additional PRACH configuration is supported for each configured additional PCI. It was reasonable to have one PRACH configuration for each non-serving cell. Sharing PRACH configuration, e.g., RACH resource, among different non-serving cells may cause some issues like collision of preamble/RO. So, we support to confirm the working assumption.
Proposal 6: Support to confirm the following working assumption:
For multi-DCI based inter-cell Multi-TRP operation with two TA enhancement, one additional PRACH configuration is supported for each configured additional PCI
•	the additional PRACH configuration is used in a RACH procedure triggered by a PDCCH order for the corresponding configured additional PCI
Considering RACH configurations are configured for each additional PCI, gNB can transmit a PDCCH order to UE which indicates an SSB of the non-serving cell, and then the UE will transmit preamble towards the second TRP and get initial TA of the second TRP via the received RAR. However, UE cannot tell the indicated SSB belongs to the serving cell or the non-serving cell, as both the serving cell and the non-serving cell may have SSB with the same SSB index. To address this issue, a simple way is to introduce an AdditionalPCIIndex field in the PDCCH order. With such field, UE can know in which cell (i.e., a serving cell or a non-serving cell) the triggered RACH procedure should be operated and for which TRP the received TA value is applied. For example, if AdditionalPCIIndex in the PDCCH order is set to all ‘x’, the UE knows the RACH procedure is operated for the non-serving cell corresponding to AdditionalPCIIndex ‘x’.
Proposal 7: Introduce an AdditionalPCIIndex field in PDCCH order for UE to determine which PRACH configuration (i.e., RACH configuration corresponding to serving cell PCI or an additional PCI) to be used in the RACH procedure triggered by PDCCH order.
In previous meetings, it was discussed whether to configure additional type 1 CSS for additional PCI. In our view, this is not needed. Firstly, configuring additional type 1 CSS for additional PCI will increase UE complexity for blind detection. What’s more, introducing type 1 CSS for additional PCI will incur huge spec impact, e.g., the association between the type 1 CSS and CORESET, BD counting/overbooking mechanism for the type 1 CSS, etc. One may argue that the backhaul link delay will cause latency of TA acquisition in non-ideal backhaul cases. While in our view, the latency is not critical for TA acquisition, since TA value usually change slowly. Such latency will have very limited effect on the accuracy of TA. Accordingly, we have the following proposal.
Proposal 8: PDCCH scheduling RAR is always received from the serving cell, and additional type 1 CSS configuration per additional PCI is not needed.

TA command
	Agreement (RAN1#110)
For multi-DCI based multi-TRP operation with two TAs, support configuring two TAGs belonging to a serving cell.


Due to UE mobility, TA value needs to be updated periodically to keep uplink synchronization. In current spec, one TA value for a specific TAG can be updated by a TA updating MAC CE which includes the corresponding TAG ID. For UL M-TRP transmission with two TAs, one remaining issue for TA updating is whether the two TA values should be updated jointly or not. In our understanding, change of the propagation delay from UE to the two TRPs are independent during UE mobility. Hence, TA update of the two TRPs should also be independent. For independent update of each TA, the legacy TA updating MAC-CE can be reused.
Proposal 9: Reuse legacy TA updating MAC CE for independent update of each TA.

Summary and conclusion
In this contribution, we have the following observations and proposals:
Observation 1: Option 1 has a small spec impact and good forward compatibility, but cannot be applied for FR1 under legacy TCI framework.
Observation 2: The spec impact of Option 2 is huge as it requires to specify the principle of association between CORESETPoolIndex and every type of UL channel/RS or the same type of UL channel/RS in different cases.
Observation 3: Based on Option 2, every UL channel/RS is tightly bundled to a TRP. Update of target TRP for UL channel/RS is not feasible as update of TA (RRC based) and update of beam/PL RS (MAC-CE/DCI based) to a new TRP is not aligned in time.
Observation 4: Option 2 has a poor forward compatibility and cannot be used in scenarios like sDCI based M-TRP transmission and L1/L2 mobility.
Observation 5: Option 3 can be applied for both FR1 and FR2 and can be easily extended for other scenarios, such as sDCI based M-TRP case and L1/L2 mobility.
Observation 6: Similar to Option 2, Option 4 doesn’t support updating target TRP for UL channel/RS, as update of TA (RRC based) and beam/PL RS (MAC-CE/DCI based) caused by target TRP update is not aligned in time.
Observation 7: For UE capable of supporting MRTD > CP, if SCS=60 kHz is adopted for FR1, the length of UL overlap can be larger than 1 OFDM symbol, but still smaller than 2 OFDM symbols. For all other cases, the length of UL overlap is always smaller than 1 OFDM symbol. 
Observation 8: For UE not capable of supporting MRTD > CP, the length of UL overlap is always smaller than 1 OFDM symbol.
Observation 9: Alt1 and Alt2 need to consume reserved bit(s) of RAR/PDCCH which may cause some issues for future enhancement.
Observation 10: Alt 4 and Alt 5 lead to loss of flexibility in preamble/RO allocation. While, Alt 3 has no loss of flexibility in preamble/RO/SSB allocation.
Observation 11: Alt 6 and Alt7 cannot work if PDCCH order sent by one TRP triggers RACH procedure towards a different TRP.
Proposal 1: Support configuring the same TAG ID for all the configured non-serving cells in inter-cell M-TRP case.
Proposal 2: Support associating a TAG ID to each SSB (modified Option 3). For a UL transmission,
· if the adopted PL RS is an SSB, UE adopts the TAG associated with the SSB;
· if the adopted PL RS is a CSI-RS, UE adopts the TAG associated with the QCL source SSB of the CSI-RS.
Proposal 3: Support leaving a time gap between two UL transmissions with two different TA values to avoid UL overlap between the two UL transmissions. 
· FFS: The value of time gap. The MTTD defined by RAN4 should be taken into account.
Proposal 4: Support that PDCCH order sent by one TRP triggers RACH procedure towards either the same TRP or a different TRP for intra-cell M-TRP case.
Proposal 5: For acquisition of initial TA for the second TRP in intra-cell M-TRP scenario, we support Alt 3 (i.e., divide SSBs into two groups with each group corresponding to one TRP).
Proposal 6: Support to confirm the following working assumption:
For multi-DCI based inter-cell Multi-TRP operation with two TA enhancement, one additional PRACH configuration is supported for each configured additional PCI
•	the additional PRACH configuration is used in a RACH procedure triggered by a PDCCH order for the corresponding configured additional PCI
Proposal 7: Introduce an AdditionalPCIIndex field in PDCCH order for UE to determine which PRACH configuration (i.e., RACH configuration corresponding to serving cell PCI or an additional PCI) to be used in the RACH procedure triggered by PDCCH order.
Proposal 8: PDCCH scheduling RAR is always received from the serving cell, and additional type 1 CSS configuration per additional PCI is not needed.
Proposal 9: Reuse legacy TA updating MAC CE for independent update of each TA.
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