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1. BACKGROUND
RAN plenary #94e approved the WID in [1] for Rel-18 MIMO enhancements. As described in WID, one of the goals in Objective 7 is to study and specify the operation related to multi-DCI multi-TRP deployment allowing for two timing advance (TA)s. In RAN1 meeting #112 discussions on this topic continued. As a result, certain agreements and further discussions points were outlined in the meeting that are listed below for convenience.

	Conclusion
For inter-cell multi-DCI based multi-TRP operation with two TA enhancement, there is no consensus to introduce additional type 1 CSS configuration per additional PCI.

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

Agreement
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 

Agreement
For multi-DCI based Multi-TRP operation with two TA enhancement, for the case when the UE does not support UL STxMP transmission, down-select at least one of the following in RAN1#112bis-e:
· Alt 1:  Introducing a time gap X between two UL transmissions associated with two different TA values
· E.g., X symbols in the slot(s) corresponding to the two UL transmission remain unused
· FFS: How X is determined
· Alt 2:  Reduce the overlapping duration of one of the two UL transmissions
· Alt 3:  Scheduling restriction is applied such that the UE does not expect the two UL transmissions to overlap
· Other alternatives are not precluded
TBD: how to capture the downselected alternative(s) in the specifications in case specification impact is deemed needed.




There is still an open discussion for the intra-cell case (FFS) after February meeting listed below for convenience:
	Agreement
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




2. DISCUSSION
In this contribution, we share our analysis of certain remaining discussion points mentioned in the meeting minutes and make further proposals.

1 
2 
PDCCH order for intra-cell multi-TRP case
PDCCH order for intra-cell multi-TRP case discussion

According to last meeting’s agreements the following issues for further study (FFS) were identified:

	Agreement
For multi-DCI based Multi-TRP operation with two TA enhancement, support CFRA triggered by PDCCH order for both intra-cell and inter-cell cases

Agreement
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




[bookmark: _Hlk68019238]As we can see in the first agreement listed above, the CFRA triggered by a PDCCH order is supported for both intra-cell and inter-cell cases. And then the second agreement says that for inter-cell multi-DCI the flexibility of triggering a RACH procedure towards either the same or a different TRP is supported. We believe that supporting the intra-cell case as well would be beneficial, allowing a full functional deployment with all the required flexibility.
[bookmark: _Hlk127198318]In our opinion, the possibility of a PDCCH order RACH that could be triggered towards any of TRPs could also be beneficial in an intra-cell operation, as it results in more flexibility and system efficiency.

Observation 1: The possibility of a PDCCH order RACH that could be triggered towards any of TRPs could also be beneficial in an intra-cell operation.

One of the arguments from the last meeting was related to the PDCCH load balancing between TRPs, which we believe is a valid point. The fact that a PDCCH slot on one TRP may not be always available to trigger a RACH for the other TRP may arise. In our opinion, the impact of having different propagation environment for each TRP link need to be accounted for; therefore system flexibility and capability to cope with PDCCH availability and uplink synchronization maintenance becomes important. 

Observation 2: The system flexibility and capability to cope with PDCCH availability for PRACH triggering by PDCCH order for uplink synchronization maintenance is important.

Proposal 1: Support PDCCH order sent by one TRP triggering RACH procedure towards either the same TRP or a different TRP for intra-cell multi-DCI deployment scenario as well.

	
Discussion on possible required restrictions
The second FFS discussion point is related to whether any restrictions are required. As captured in Table 1, the DCI format 1_0 that carries a PDCCH order may carry the related information for this process. When the PDCCH order is scrambled with C-RNTI, the frequency domain allocated resources are all set to “1” and the rest of information fields are interpreted for PRACH resources. 
[bookmark: _Hlk127200301]For intra-cell, with some modification, the existing DCI format 1_0 may be used for PDCCH RACH order. The indicated SS/PBCH index in the DCI is still valid and relevant for the UE. Further, the UE can use the same pool of RACH resources, as RACH resources are configured by the same gNB for both TRPs. However, what is not supported by the existing DCI is the information related to the configured CSI-RS as a source RS for PRACH spatial filter.  
Since there are 10 reserved bits available for future use in DCI format 1_0 scrambled with C-RNTI, some of these bits may be used as an indication of configured CSI-RS for the purpose of PRACH spatial filter determination. 


	DCI Fields
	Number of bits within DCI for C-RNTI PDCCH order

	DCI format identifier
	1

	Frequency domain resource allocation
	All bits set to ‘1”

	Random Access Preamble Index
	6

	UL/SUL indicator
	1

	SS/PBCH index
	6

	PRACH Mask index
	4

	Reserved bits
	10



Table 1. DCI format 1_0 for PDCCH order


Observation 3: For the case of intra-cell, the indicated SS/PBCH index in the DCI format 1_0 containing a RACH order is still valid and relevant for the UE. 

Observation 4: For the case of intra-cell, the UE can use the same pool of RACH resources, as RACH resources are configured by the same gNB for both TRPs.

Observation 5: DCI format 1_0 should be enhanced to indicate the information related to a configured CSI-RS as the source RS for PRACH spatial filter.

Proposal 2: Use the available 10 reserved bits in the DCI format 1_0 to indicate spatial information for RACH.

Cross TRP RACH triggering feature optionality

In the last meeting the feature optionality of cross TRP RACH triggering was left open for further discussions.
We believe that supporting cross TRP RACH triggering will bring more robustness to the multi-TRP deployment scenario for both intra and inter cell cases. Addressing the timing synchronization issues dynamically will make the deployment more attractive with the required flexibility imposed by a dynamic and mobile environment.

Proposal 3: Support cross TRP RACH triggering based on the PDCCH order for intra-cell and inter- multi-TRP cases in Rel-18.

[bookmark: _Hlk131438381]Overlapping UL transmission for non-STxMP capable UEs 
For the case of overlapping UL transmission for non-STxMP capable UEs, the following alternatives, for down-selection were outlined:
· Alt 1:  Introducing a time gap X between two UL transmissions associated with two different TA values
· E.g., X symbols in the slot(s) corresponding to the two UL transmission remain unused
· FFS: How X is determined
· Alt 2:  Reduce the overlapping duration of one of the two UL transmissions
· Alt 3:  Scheduling restriction is applied such that the UE does not expect the two UL transmissions to overlap
· Other alternatives are not precluded

As mentioned by RAN4 LS reply [3], the MRTD and corresponding MTTD were defined as:

“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.” 

In our view, the above values are reflecting the supported deployments in FR1 and FR2 respectively. Thus, a UE not supporting STxMP may have to cope with MTTD values for possible overlapping situations, while its UL transmissions are in TDM mode.

	[bookmark: _Hlk52271917]Parameter / Numerology (µ)
	0
	1
	2
	3
	4

	Subcarrier Spacing (KHz)
	15
	30
	60
	120
	240

	OFDM Symbol Duration (us)
	66.67
	33.33
	16.67
	8.33
	4.17

	Cyclic Prefix Duration (us)
	4.69
	2.34
	1.17
	0.57
	0.29

	OFDM Symbol including CP (us)
	71.35
	35.68
	17.84
	8.92
	4.46


Table 1. Symbol and CP length for different numerologies

Table 1 shows symbol and CP sizes for each supported numerology. In FR1, the UL overlapping region can go from a half symbol to a symbol for SCS = {15, 30}KHz respectively, while in FR2 can go from a half symbol up to 2 symbols for SCS = {60, 120, 240}KHz respectively.

Observation 5: The UL overlapping region can be from a half symbol up to 1 symbol for FR1, and from a half symbol up to 2 symbols for FR2, depending on the SCS.

Therefore, a UE not supporting STxMP, may need to consider some form of adjustments at least for the one or two last symbol(s) based on the above observation. In Alt1., insertion of a gap between the transmissions is suggested. Therefore, this gap may have to be dimensioned based on the SCS in use, and thus it can be a symbol for FR1 and one or two symbols in FR2.  However, this gap may not be always required. Thus, the UE may have to measure the receive time difference or transmit time difference between the configured TRPs or even the candidate TRPs and report these RTD measurements to the network when needed.

Observation 6: The feasibility of Alt1. depends on UE measurements and reporting of at least UL transmission time difference.

To prevent an overlapping transmission, Alt2. suggests reducing the duration of one of the UL transmissions. In our opinion, this action is like the application of the current TA command rule, where the slot before TA application is getting shorter, meaning a certain number of samples are dropped to facilitate a clean and full slot with the new TA applied afterwards. This alternative may be simple and effective, but it may be suboptimal for situations when a full symbol or two needs to be dropped. However, if the UE is reporting the time difference between UL transmissions or the receive time difference between TRPs, this case may be handled by the network accordingly, up to a level of UL puncturing from the UE side and then multi-TRP reconfiguration, or any other possible action from the network side.

Observation 7: The feasibility of Alt2. depends on the network tolerance for UL transmissions. However, UE measurements of the RTD or TTD may bring effectiveness for this solution.

Alt3. Suggests a scheduling restriction, so that the UE does not expect to be scheduled in the overlapping symbol(s). In our opinion, this solution requires UE measuring and reporting of the RTD or TTD values, and/or when this situation arises.

Observation 8: Alt3. feasibility may require UE RTD or TTD measurements and reporting.

Based on the observations 6-8, we can note that a common theme is UE RTD and/or TTD measurements and reporting, or an indication of exceeding threshold reporting event for the UL transmit time difference (TTD). The TTD threshold may vary/scale accordingly with the SCS in use.

In the LS Reply from RAN4, the UEs not supporting RTD>CP have a M1 and M2 values in us, that in our view are a kind of tolerances for the UL transmissions that correspond to Alt2. In our opinion, the UEs not supporting STxMP fall into this category and thus consideration of M1 and M2 time thresholds would be a valid option. However, the UE may have to report when M1 or M2 respectively is exceeded. 

Observation 9: A common dependability between the alternatives 1, 2 and 3 is UE TTD measurements and reporting against M1 or M2 thresholds mentioned by RAN4 are required.

Observation 10: A common dependability between the alternatives 1, 2 and 3 is UE RTD or TTD measurements and reporting.

Proposal 4: Support reporting the UL TTD exceeding M1 or M2 threshold respectively for the UEs not supporting STxMP UL overlapping transmissions before deciding on the proposed alternatives.

3. CONCLUSIONS
This contribution discussed the issues raised in the last meeting for intra-cell and inter-cell M-TRP operation with the two TAs. Based on the presented discussion, we make the following observations and proposals:

Observation 1: The possibility of a PDCCH order RACH that could be triggered towards any of TRPs could also be beneficial in an intra-cell operation.

Observation 2: The system flexibility and capability to cope with PDCCH availability for PRACH triggeringby PDCCH order for uplink synchronization maintenance is important.

Observation 3: For the case of intra-cell, the indicated SS/PBCH index in the DCI format 1_0 containing a RACH order is still valid and relevant for the UE. 

Observation 4: For the case of intra-cell, the UE can use the same pool of RACH resources, as RACH resources are configured by the same gNB for both TRPs.

Observation 5: DCI format 1_0 should be enhanced to indicate the information related to a configured CSI-RS as the source RS for PRACH spatial filter.

Observation 6: The feasibility of Alt1. depends on UE measurements and reporting of at least UL transmission time difference.

Observation 7: The feasibility of Alt2. depends on the network tolerance for UL transmissions. However, UE measurements of the RTD or TTD may bring effectiveness for this solution.

Observation 8: Alt3. feasibility may require UE RTD or TTD measurements and reporting.

Observation 9: A common dependability between the alternatives 1, 2 and 3 is UE TTD measurements and reporting against M1 or M2 thresholds mentioned by RAN4 are required.

Observation 10: A common dependability between the alternatives 1, 2 and 3 is UE RTD or TTD measurements and reporting.


Proposal 1: Support PDCCH order sent by one TRP triggering RACH procedure towards either the same TRP or a different TRP for intra-cell multi-DCI deployment scenario as well.

Proposal 2: Use the available 10 reserved bits in the DCI format 1_0 to indicate spatial information for RACH.

Proposal 3: Support cross TRP RACH triggering based on the PDCCH order for intra-cell and inter- multi-TRP cases in Rel-18.

Proposal 4: Support reporting the UL TTD exceeding M1 or M2 threshold respectively for the UEs not supporting STxMP UL overlapping transmissions before deciding on the alternatives.
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