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[bookmark: _Toc116995841]Introduction
In RAN #94e, the MIMO evolution downlink and uplink was approved in [1]. Among its objectives, there is the study and specification of two timings advance (TAs) for UL multi-DCI for multi-TRP operations: 
	7. Study, and if justified, specify the following 
	- Two TAs for UL multi-DCI for multi-TRP operation 
	- Power control for UL single DCI for multi-TRP operation where unified TCI framework extension in objective 2 is assumed.
	For the case of simultaneous UL transmission from multiple panels, the operation will only be limited to the objective 6 scenarios.



In the last RAN4 meeting RAN4#107, the following agreements were made and issues discussed regarding timing requirements for UL multi-DCI multi-TRP with two TAs [2]:
	Issue 2-1-1: What is the assumption on M1/M2 for MTTD for UE not capable of supporting RTD>CP?
· Agreements
· 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

Issue 2-1-2: DL reference timing
· Agreements
· [bookmark: _Toc131949487][bookmark: _Toc135057654]For UL timing requirements, RAN4 to specify requirements to support two downlink reference timings. 
· FFS how to capture it in spec. based on RAN1/RAN2 progress of the definition of TA commands. 

Issue 2-1-3: How to handle overlapping UL transmissions in TDM manner?
· Proposals: 
· Proposal 1: 
· [bookmark: _Toc135057662]Scheduling restrictions can be optimized considering reporting by the UE about RTD, switching time or the number of OFDM symbols that cannot be used for UL transmission.
· [bookmark: _Toc135057663]Scheduling restrictions for UL transmissions do not need to be captured in RAN4 specification. Send LS to RAN1 to cover that instead. 
· Proposal 2: 
· For FR2, RAN4 shall start from assumption that UE is only able to perform TX from one panel at a time.
· Proposal 3: 
· Wait for further RAN1 progress.

Issue 2-1-4: TAG management for multi-TRP with 2 TAs
· Proposals: 
· For multi-DCI based multi-TRP operation with two TAs, when the transmission timing difference between two TAGs exceeds the MTTD value:
· Proposal 1: RAN4 can do some study on TAG management when the 2 UL transmissions exceed the MTTD.
· Proposal 2: Reuse LTE CA solution. UE may stop the UL transmissions for one of the two TAGs for multi-TRP
· Proposal 3: Do not define requirements. It’s up to UE implementation. 



In this contribution we discuss: 
· MRTD and MTTD requirements.
· How to select the DL reference timing.
· Overlapping issues related to two UL transmissions for multi-TRP.
· TAG management for multi-TRP.

[bookmark: _Toc116995842]Discussion
Regarding MRTD and MTTD requirements
In RAN1#109, an [3] was sent to RAN4 inquiring what is the maximum uplink timing difference to be assumed between the two TAs for multi-DCI multi-TRP operation. 
RAN4 answered this LS in two parts [4][5]. In the latest response, RAN4 divided the maximum uplink in two cases: cases in which the RTD is within the cyclic prefix (CP), and cases in which the RTD is above CP, as captured in previous meeting WF [6] and copied below: 
	Issue 1-2: MRTD/MTTD requirement for multi-DCI multi-TRP operation in FR1
Agreements:
· For both intra-cell and inter-cell multi-TRP, the MRTD between multiple TRPs can be assumed within a CP length as baseline. MTTD can be CP+M1 µs for FR1. Where M1 is FFS.
· FFS whether transient period between 2 UL signals associated with 2 different TAs needs to be considered
· For a UE capable of supporting RTD>CP (as an optional UE capability), MRTD/MTTD value is 33/34.6 µs.
Issue 1-3: MRTD/MTTD requirement for multi-DCI multi-TRP operation in FR2
Agreements:
· For both intra-cell and inter-cell multi-TRP, the MRTD between multiple TRPs can be assumed within a CP length as baseline. MTTD can be CP + M2 µs for FR2. Where M2 is FFS.
· FFS whether transient period between 2 UL signals associated with 2 different TAs needs to be considered
· For a UE capable of supporting RTD>CP (as an optional UE capability), MRTD/MTTD value is 8/8.5 µs.



Then, in RAN4 meeting RAN4#106 [7], the following were agreed:
	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



Then, in RAN4 meeting RAN4#106bis-e [8], the following were agreed:
	Issue 2-1-2: MTTD requirements applicability
Agreement:
· RAN4 to discuss the MTTD requirement with two TAGs only for mDCI.



Finally, in the last RAN4 meeting RAN4#107 [2], the following were agreed:
	Issue 2-1-1: What is the assumption on M1/M2 for MTTD for UE not capable of supporting RTD>CP?
· Agreements
· 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



Considering all the agreements up to RAN4#107, we have the following summary for MRTD/MTTD requirements for multi-DCI multi-TRP operation with 2 TAs: 
	
	UE supports RTD>CP
	UE supports STxMP
	MRTD (μs)
	MTTD (μs)
	Margin (M1/M2) (μs)

	FR1
	Yes
	Yes
	33
	34.6
	1.6

	FR2
	Yes
	Yes
	8
	8.5
	0.5

	FR1
	Yes
	No
	33
	34.6
	1.6

	FR2
	Yes
	No
	8
	8.5
	0.5

	FR1
	No
	Yes
	CP
	CP+1.6
	1.6

	FR2
	No
	Yes
	CP
	CP+0.5
	0.5

	FR1
	No
	No
	CP
	Pending agreement
	Pending agreement

	FR2
	No
	No
	CP
	Pending agreement
	Pending agreement



[bookmark: _Toc142571794]Although MRTD has been defined for all scenarios under consideration, MTTD still has not been defined when a UE does not support RTD>CP and as well does not support STxMP.
In the second last RAN4 meeting RAN4#106bis-e [8], the following issue was also discussed:
	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.



When a UE does not support RTD>CP and does not support STxMP, we see this issue very related to the overlapping UL transmissions discussed below, for which RAN1 has progressed making the following agreement in the last RAN1 meeting RAN1#113:
	Agreement
For multi-DCI based Multi-TRP operation with two TA enhancement, for the case when the UE does not support UL STxMP transmission,
· for the baseline feature, the UE does not expect the two UL transmissions to overlap (i.e., scheduling restriction is applied to avoid overlap between the two UL transmissions)
· as an optional feature, the overlapping duration of the later of the two UL transmissions is reduced.
· FFS: for the optional feature, whether or not the overlapping duration needs to be specified as 1 (in case 2) or 2 (in case 1) OFDM symbols where
· Case 1 applies when UE is capable of supporting MRTD > CP, SCS=60 kHz and frequency range is FR1.
· Case 2 applies in all other cases



Based on that, a UE that does not support STxMP transmission does not expect the two UL transmissions to overlap because for example scheduling restrictions are applied at the network side to avoid such overlap. 
Margins M1/M2=1.6/0.5 µs have been agreed for FR1/FR2 in all other cases because lower margins (or to the extreme no margin with M1/M2=0 µs) would have limited too much the maximum difference among all UE-TRP distances for multi-TRP UL operations [9]. Because of the same argument, we think same margins should apply also when a UE supports neither RTD>CP nor STxMP.
[bookmark: _Toc142571795]RAN4 to define MTTD requirements for multi-DCI multi-TRP operation with 2 TAs when a UE supports neither RTD>CP nor STxMP considering the same margin used for existing MTTD requirements on top of the values defined for MRTD:
· [bookmark: _Toc142571796]Margin of M1=1.6 μs in FR1;
· [bookmark: _Toc142571797]Margin of M2=0.5 μs in FR2.

Regarding DL reference timing
The following issue was discussed in the second last RAN4 meeting RAN4#106bis-e [8] regarding DL 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.



Then, in the last RAN4 meeting RAN4#107, the following agreement was made [2]:
	Issue 2-1-2: DL reference timing
· Agreements
· For UL timing requirements, RAN4 to specify requirements to support two downlink reference timings. 
· FFS how to capture it in spec. based on RAN1/RAN2 progress of the definition of TA commands. 




Figure 1 shows an example on how the propagation delay from one TRP can arrive with different path delays to the UE depending on the CSI beam used. Figure 1 illustrates an example where the CSI with stronger signal strength at the UE is CSI#2, whereas the CSI received with the shortest path delay is CSI#3, i.e., a different one.
[bookmark: _Toc142571798]Strongest CSI beams from the same TRP may be characterized by very different propagation delays.
The different path delays for each UL/joint TCI state need to be considered when defining the DL reference timing.
[bookmark: _Toc131949486][bookmark: _Toc135057653][bookmark: _Toc142571799]The different path delays for each UL/joint TCI state need to be considered when defining the DL reference timing.

[image: ]
[bookmark: _Ref130996401]Figure 1. Scenario where 2 CSI beams from the same TRP have different path delays to the UE.
For the scenario where the indication of UL/joint TCI state is changed without the gNB requesting UL timing synchronization, the initial transmission with a new indicated TCI state will potentially give a UL timing offset at the gNB. The timing offset will depend on the propagation delay difference for the new TCI state, but also on which DL reference signal the UE is using as reference for the timing advance. The timing offset at the gNB receiver can cause inter symbol interference as well as inter sub-carrier interference. This scenario is illustrated in the example of Figure 2 during a switch of indicated TCI state from CSI#1 to CSI#2. In the example it is assumed that the TA from CSI#1 is used as initial TA value for UL transmission on CSI#2. Furthermore, it is assumed that the DL reference timing for each TCI state is following individual DL RS. As shown, the TRP will see the initial transmission from the UE received with a timing error equal to 2(D2-D1) meaning twice the propagation delay difference between the two TCI states.
[bookmark: _Toc142571800]The specification of which DL reference signal the UE is required to follow is not only important for the DL reception at the UE, but the DL reference timing will as well be used as reference for the timing advance.
[bookmark: _Toc142571801]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.
[bookmark: _Toc131949488][bookmark: _Toc135057655][bookmark: _Toc142571802]Specify for each UL/joint TCI state the DL RS the UE must use for DL time tracking. 

[image: ]
[bookmark: _Ref131069256][bookmark: _Ref131069179]Figure 2. UL timing error when switching UL TCI (CSI#1 to CSI#2).

Regarding overlapping UL transmissions
In the last RAN4 meeting RAN4#107, the following issue was discussed [2] regarding TDM and overlapping UL transmissions for multi-TRP with 2 TAs:
	Issue 2-1-3: How to handle overlapping UL transmissions in TDM manner?
· Proposals: 
· Proposal 1: 
· Scheduling restrictions can be optimized considering reporting by the UE about RTD, switching time or the number of OFDM symbols that cannot be used for UL transmission.
· Scheduling restrictions for UL transmissions do not need to be captured in RAN4 specification. Send LS to RAN1 to cover that instead. 
· Proposal 2: 
· For FR2, RAN4 shall start from assumption that UE is only able to perform TX from one panel at a time.
· Proposal 3: 
· Wait for further RAN1 progress. 



On the aspects related to overlapping UL transmissions due to the application of two TAs, RAN1 has progressed and the following agreement was made in the last RAN1 meeting RAN1#113:
	Agreement
For multi-DCI based Multi-TRP operation with two TA enhancement, for the case when the UE does not support UL STxMP transmission,
· for the baseline feature, the UE does not expect the two UL transmissions to overlap (i.e., scheduling restriction is applied to avoid overlap between the two UL transmissions)
· as an optional feature, the overlapping duration of the later of the two UL transmissions is reduced.
· FFS: for the optional feature, whether or not the overlapping duration needs to be specified as 1 (in case 2) or 2 (in case 1) OFDM symbols where
· Case 1 applies when UE is capable of supporting MRTD > CP, SCS=60 kHz and frequency range is FR1.
· Case 2 applies in all other cases



We want to remark that the impact of the overlap in time domain depends on the assumptions for the UE RF architectures. When a UE is equipped with multiple active Tx RF chains, it can configure its panels/sub-panels such that at least one chain transmits with a certain specific TA toward each TRP. Therefore, in such a situation, the UE supports STxMP transmission and even a large difference in the two propagation delays can be handled without any need of scheduling restriction.
[bookmark: _Toc131677982][bookmark: _Toc135057656][bookmark: _Toc142571803]The impact of overlapping symbols in UL for TDM operation is tied to the assumptions on UE RF architectures.
[bookmark: _Toc131677983][bookmark: _Toc135057657][bookmark: _Toc142571804]When a UE is equipped with multiple active Tx RF chains, it supports STxMP transmission and there is no issue from overlapping symbols in time-domain for UL multi-TRP operations with two TAs.
[bookmark: _Toc142571805]No particular handling of overlapping UL transmissions needs to be specified if a UE supports STxMP transmission.
Nevertheless, when a UE is equipped with just a single active Tx RF chain (for example either because equipped with a single panel or because multi-panel but with only one single UL digital baseband shared among those panels), it does not support STxMP transmission, and such overlap may represent an issue, which in some cases may lead to losing up to few OFDM symbol, i.e., with some non-negligible UL throughput loss.
[bookmark: _Toc131677984][bookmark: _Toc135057658][bookmark: _Toc142571806]When a UE is equipped with just a single active Tx RF chain, the overlapping symbols in time-domain may lead to UL throughput performance loss.
[bookmark: _Toc142571807]RAN1 has identified scheduling restriction as the solution to handle the issue of overlapping UL transmissions for a UE that does not support STxMP transmission. With such solution, a UE simply does not expect the two UL transmissions to overlap.
[bookmark: _Toc131677985][bookmark: _Toc135057659]Scheduling restriction in the overlapping part for UL multi-TRP operations with two TAs is a simple baseline that on the other hand may be the source of large throughput performance loss. Scheduling restrictions, for example by imposing that such single RF UEs are not allowed to be scheduled in the overlapping region, impact the performance as resources in that overlapping region becomes just unavailable for those UEs.
[bookmark: _Toc142571808]When a UE does not support STxMP, scheduling restrictions in the overlapping part for UL multi-TRP operations with two TAs is a simple baseline that on the other hand may be the source of large throughput performance loss.
The actual time between two UL transmissions that need to be introduced in order to allow a UE not capable of STxMP to switch among two UL transmissions toward two different TRPs depends at least on four parameters:
· RTD: Receive timing difference;
· TA1: Timing advance value from TRP1;
· TA2: Timing advance value from TRP2;
· Ts: Switching time, i.e., the time it takes for a UE to switch from the beamformer/TCI used toward a first TRP to the beamformer/TCI used toward a second TRP.
Eventually, we have two different situations in which we may need to use scheduling restrictions (or sample / OFDM symbol dropping, denoted also as “overlapping reduction”), as depicted in Figure 4:
· There is an actual overlap between the two slots, as discussed above and as shown in red in Figure 4;
· There is an actual gap between the two slots, as shown in blue in Figure 4, but, because of the switching time Ts, the UE does not manage to switch quickly enough among the two beamformers/TCIs.

[image: ]
[bookmark: _Ref135037652]Figure 4. Overlaps and gaps between slots.
[bookmark: _Toc135057660][bookmark: _Toc142571809]Either scheduling restrictions or sample / OFDM symbol dropping may need to be introduced when the UE does not support UL STxMP transmission also when there is a gap between the two slots because of a large UE switching time.
A gNB would need to know all the four parameters listed above to properly do time domain resource allocation, for example deciding the number of OFDM symbols at the beginning of a slot on which the UE cannot be scheduled. But the problem is that the gNB does not know RTD nor the exact switching time Ts required by the UE. Therefore, a very simple implementation of the RAN1 agreement could assume scheduling restrictions by computing the worst case possible. With maximum switching time as allowed by requirements (for example, assuming the transient period requirement we would have Ts = 10 us [10]) and the maximum RTD (for example, MRTD = 8 us), we would have 3 OFDM symbols with SCS = 120 kHz at the beginning of a slot in which a UE cannot be scheduled, i.e., with a throughput performance loss of about 21%.
[bookmark: _Toc142571810]Sub-optimal application of scheduling restrictions can imply a throughput loss of 21 %.
A UE assistance to the gNB about either RTD and switching time or directly indicating the number of OFDM symbols that cannot be used for UL transmission in a slot can be beneficial to let the gNB apply proper scheduling restrictions: with such information, the gNB can do time domain resource allocation by maximizing resource usage, potentially also avoiding scheduling restrictions in the conditions that they are not needed.
[bookmark: _Toc142571811]The gNB needs the information about the UE’s experienced RTD in order to apply optimal scheduling restrictions. 
[bookmark: _Toc142571812]Scheduling restrictions can be optimized considering reporting by the UE about RTD, switching time or the number of OFDM symbols that cannot be used for UL transmission. 
On the other hand, scheduling restrictions for UL transmissions is a topic for RAN1, and do not need to be captured in RAN4 specification.
[bookmark: _Toc142571813]Optimized scheduling restrictions for UL transmissions do not need to be captured in RAN4 specification. Send LS to RAN1 and RAN2 to cover that instead. 

Regarding TAG management
In the last RAN4 meeting RAN4#107, the following issue was discussed regarding TAG management [2]:
	Issue 2-1-4: TAG management for multi-TRP with 2 TAs
· Proposals: 
· For multi-DCI based multi-TRP operation with two TAs, when the transmission timing difference between two TAGs exceeds the MTTD value:
· Proposal 1: RAN4 can do some study on TAG management when the 2 UL transmissions exceed the MTTD.
· Proposal 2: Reuse LTE CA solution. UE may stop the UL transmissions for one of the two TAGs for multi-TRP
· Proposal 3: Do not define requirements. It’s up to UE implementation. 



When the 2 UL transmissions exceed the MTTD, the UE cannot support in UL that pair of TRP, and some studies may be needed to understand which options are available to cope with such situation.
[bookmark: _Toc135057664][bookmark: _Toc142571814]RAN4 can do some study on TAG management when the 2 UL transmissions exceed the MTTD.

[bookmark: _Toc116995848]Conclusion
In this contribution we discussed the MTTD requirements when MRTD is within CP, how to select the DL reference timing, the overlapping issues related to two UL transmissions in TDM operations, and the TAG management issue for multi-TRP. The following Observations and Proposals were made:
Observation 1: Although MRTD has been defined for all scenarios under consideration, MTTD still has not been defined when a UE does not support RTD>CP and as well does not support STxMP.
Proposal 1: RAN4 to define MTTD requirements for multi-DCI multi-TRP operation with 2 TAs when a UE supports neither RTD>CP nor STxMP considering the same margin used for existing MTTD requirements on top of the values defined for MRTD:
-	Margin of M1=1.6 μs in FR1;
-	Margin of M2=0.5 μs in FR2.
Observation 2: Strongest CSI beams from the same TRP may be characterized by very different propagation delays.
Observation 3: The different path delays for each UL/joint TCI state need to be considered when defining the DL reference timing.
Observation 4: The specification of which DL reference signal the UE is required to follow is not only important for the DL reception at the UE, but the DL reference timing will as well be used as reference for the timing advance.
Proposal 2: 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.
Proposal 3: Specify for each UL/joint TCI state the DL RS the UE must use for DL time tracking.
Observation 5: The impact of overlapping symbols in UL for TDM operation is tied to the assumptions on UE RF architectures.
Observation 6: When a UE is equipped with multiple active Tx RF chains, it supports STxMP transmission and there is no issue from overlapping symbols in time-domain for UL multi-TRP operations with two TAs.
Observation 7: No particular handling of overlapping UL transmissions needs to be specified if a UE supports STxMP transmission.
Observation 8: When a UE is equipped with just a single active Tx RF chain, the overlapping symbols in time-domain may lead to UL throughput performance loss.
Observation 9: RAN1 has identified scheduling restriction as the solution to handle the issue of overlapping UL transmissions for a UE that does not support STxMP transmission. With such solution, a UE simply does not expect the two UL transmissions to overlap.
Observation 10: When a UE does not support STxMP, scheduling restrictions in the overlapping part for UL multi-TRP operations with two TAs is a simple baseline that on the other hand may be the source of large throughput performance loss.
Observation 11: Either scheduling restrictions or sample / OFDM symbol dropping may need to be introduced when the UE does not support UL STxMP transmission also when there is a gap between the two slots because of a large UE switching time.
Observation 12: Sub-optimal application of scheduling restrictions can imply a throughput loss of 21 %.
Observation 13: The gNB needs the information about the UE’s experienced RTD in order to apply optimal scheduling restrictions.
Proposal 4: Scheduling restrictions can be optimized considering reporting by the UE about RTD, switching time or the number of OFDM symbols that cannot be used for UL transmission.
Proposal 5: Optimized scheduling restrictions for UL transmissions do not need to be captured in RAN4 specification. Send LS to RAN1 and RAN2 to cover that instead.
Proposal 6: RAN4 can do some study on TAG management when the 2 UL transmissions exceed the MTTD.
[bookmark: _Toc116995849]
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