Page 1

3GPP TSG RAN WG4 #108-bis														     R4-2318739
Chicago, U.S.A November 13th – 17th, 2023


Agenda Item:		8.29.1.2
Source:				InterDigital Inc.
[bookmark: Title]Title:						The coherence between PUSCH and 8-ports SRS with partial dropping
[bookmark: DocumentFor]Document for:		Discussion

1. BACKGROUND
In the last RAN1 meeting #114bis, an LS [3] to RAN4 about the 8Tx coherent transmissions was agreed. We are listing below the content of interest of the LS for convenience:
	In Rel-18 NR_MIMO_evo_DL_UL, RAN1 introduced a feature to TDM 8-port SRS transmission on two consecutive OFDM symbols, i.e., SRS ports {1000, 1001, 1004, 1005} are transmitted on the first OFDM symbol, while SRS ports {1002, 1003, 1006, 1007} are transmitted on the second OFDM symbol.
 
For a coherent 8Tx PUSCH transmission, with TDMed SRS transmission, when one SRS OFDM symbol is dropped due to overlapping with other higher priority UL transmission (which is referred as partial SRS dropping), it is questionable whether coherence between SRS and PUSCH can still be maintained. As illustrated in Figure 1, with SRS periodicity of 20 slots, for the most recent two SRS transmission occasions before the scheduled PUSCH, if the 1st SRS symbol in the first SRS transmission occasion is dropped and the 2nd SRS symbol in the second SRS transmission occasion is dropped, can the UE still maintain relative power and phase coherence of the 8 ports {1000, 1001, 1004, 1005, 1002, 1003, 1006, 1007} over the defined time window between the SRS and PUSCH given there could be a random phase and power change between sounded ports {1002, 1003, 1006, 1007} in slot n and {1000, 1001, 1004, 1005} in slot n+20 due to other UL/DL transmission/reception between slot n and slot n+20? If the UE can keep relative power and phase coherence in this case, what is the definition of “the last transmitted SRS on the same antenna ports”? For another case illustrated in Figure 2, a SRS resource is configured with repetition, and the 8 ports are mapped onto 4 consecutive OFDM symbols, if part of the SRS symbols (i.e., the 2nd and 3rd SRS symbols) are dropped and the 8 ports are transmitted over non-consecutive OFDM symbols (i.e., ports {1000, 10001, 1004, 1005} are transmitted over the 1st SRS symbol, and ports {1002, 1003, 1006, 1007} are transmitted over the 4th SRS symbol), can the UE still maintain relative power and phase coherence of the 8 ports {1000, 1001, 1004, 1005, 1002, 1003, 1006, 1007} over the defined time window between the SRS and associated PUSCH given there could be a random phase and power change between sounded ports {1002, 1003, 1006, 1007} over the 1st SRS symbol and {1000, 1001, 1004, 1005} over the 4th SRS symbol? If the UE can keep relative power and phase coherence in these cases, what are the conditions for UE to keep the relative power and phase coherence? If the UE cannot keep relative power and phase coherence in this case among all 8 SRS ports, can the UE keep relative power and phase coherence in this case among 4 SRS ports, such as among {1000, 1001, 1004, 1005} or among {1002, 1003, 1006, 1007}, respectively?
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Figure 1 PUSCH transmission following 2 partial SRS dropping in different slots
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Figure 2 PUSCH transmission following partial SRS dropping in one slot configured with SRS repetition

RAN1 discussed the above issue with the following conclusion. Conclusion
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ / ‘antennaSwitching’ and with TDM factor s = 2, the 8 ports being fully/partially coherent, when the s subsets of ports are mapped onto m ≥ 2 OFDM symbols in a slot according to the pattern {{1, 2, …, s}, …, {1, 2, …, s}} (totally m/s groups of {1, 2, …, s}), and when the SRS transmission on a subset of the s OFDM symbols within a group of {1, 2, …, s} is dropped, the UE still transmits the SRS on the rest of OFDM symbols within the group of {1, 2, …, s}. 
· Above does not imply that UE can or cannot maintain phase coherence from partially dropped SRS resource to the next PUSCH transmission
· (Agreement) Prepare a LS to inform RAN4 and ask if the UE can or cannot maintain phase coherence
No additional RAN1 spec change will be introduced to support this feature



In summary, RAN1 has the following questions to RAN4. 

Question 1: For a coherent 8Tx PUSCH transmission, can a UE meet the relative phase and power error requirements (defined in RAN 4 specifications) among the 8 SRS ports between the last SRS transmission and the PUSCH transmission over the defined time window, when the SRS is configured with or without TDM and no SRS symbol is dropped? 

Question 2: For a coherent 8Tx PUSCH transmission, can a UE meet the relative phase and power error requirements (defined in RAN 4 specifications) among the 8 SRS ports between the last SRS transmission and the PUSCH transmission over the defined time window, when the SRS is configured with TDM and part of the SRS symbols is dropped, for example as shown in Figure 1 and Figure 2?

Question 3: What are the conditions a UE has to satisfy to meet the relative phase and power error requirements among the 8 SRS ports between the last SRS transmission and the PUSCH transmission over the defined time window, in the scenario as described in questions 1 and 2?

Question 4: For the scenarios as described in question 2, if a UE cannot meet the relative phase and power error requirements among the 8 SRS ports, can UE meet the relative phase and power error requirements among a subset of SRS ports, such as among {1000, 1001, 1004, 1005} or among {1002, 1003, 1006, 1007}?





2. DISCUSSION ON THE COHERENCE DEFINITION
In this contribution, we share our analysis, and we propose a way forward to address RAN1 questions. For convenience, per TS 38.101 specifications, Section 6.4D.4, we cite the existing RAN4 requirements for coherent transmissions:

	For coherent UL MIMO, Table 6.4D.4-1 lists the maximum allowable difference between the measured relative power and phase errors between different antenna connectors in any slot within the specified time window from the last transmitted SRS on the same antenna connectors, for the purpose of uplink transmission (codebook or non-codebook usage) and those measured at that last SRS. The requirements in Table 6.4D.4-1 apply when the UL transmission power at each antenna connector is larger than 0 dBm for SRS transmission and for the duration of time window.

Table 6.4D.4-1: Maximum allowable difference of relative phase and power errors in a given slot compared to those measured at last SRS transmitted
	Difference of relative phase error
	Difference of relative power error
	Time window

	40 degrees
	4 dB
	20 msec



The above requirements when all the following conditions are met within the specified time window:
-	UE is not signaled with a change in number of SRS ports in SRS-config, or a change in PUSCH-config
-	UE remains in DRX active time (UE does not enter DRX OFF time)
-	No measurement gap occurs
-	No instance of SRS transmission with the usage antenna switching occurs
-	Active BWP remains the same
-	EN-DC and CA configuration is not changed for the UE (UE is not configured or de-configured with PSCell or SCell(s))
-	When UE is not configured with uplink switching; or when UE is configured with uplink switching, and ‘fullCoherent’ codebook subset is supported in the corresponding carrier according to the capability uplinkTxSwitching-PUSCH-TransCoherence and/or uplinkTxSwitching2T2T-PUSCH-TransCoherence; or when UE is configured with uplink switching, ‘nonCoherent’ codebook subset is supported in the corresponding carrier according to the capability uplinkTxSwitching-PUSCH-TransCoherence and/or uplinkTxSwitching2T2T-PUSCH-TransCoherence, and uplink switching is not triggered by the switching mechanisms specified in sub-clause 6.1.6 of TS 38.214 [10] between last transmitted SRS and scheduled transmission.
 



[bookmark: _Hlk149819727]In our view, the main challenge for RAN1 has been in interpretation of existing RAN4 requirements for coherency. Therefore, we believe that establishing a clear understanding of the “coherence” term should be the first step to be taken towards a clear answer to RAN1 LS. We should note that the current requirement in RAN4 specification is inherited from Rel-15. Thus, at that time it was deemed sufficient to merely state that measuring the relative power and phase is performed between “different antenna connectors”. However, since then, 4TX and now 8TX UL MIMO features have been added and we believe that the coherence definition needs to be updated to describe the coherence requirements for 4TX and 8TX better and more accurately.

Observation 1: The main challenge for RAN1 has been in interpretation of existing RAN4 requirements for coherency. Therefore, establishing a clear understanding of the “coherence” term should be the first step towards a clear answer to RAN1 LS.

According to the current specifications, for coherent UL MIMO, the maximum allowable difference between the measured relative power and phase errors between different antenna connectors in any slot within a 20ms window from the last transmitted SRS on the same antenna connectors shall be less than 4 dB and 40 degrees, respectively. In our view, there is no ambiguity in the following statement as long as we discuss coherency for 2TX UL MIMO.

	“For coherent UL MIMO, Table 6.4D.4-1 lists the maximum allowable difference between the measured relative power and phase errors between different antenna connectors…”.




However, when discussing coherency for a 4TX and 8TX UL MIMO, we need to better clarify how the required phase and amplitude figures in Table 6.4D.4-1 are considered and applied. Let’s consider the following two examples: 
· Example 1: An 8TX UE exhibits only 10 degrees relative phase error between antenna pairs, {1, 2}, {2, 3}, {3, 4}, {4, 5}, {5, 6}, {6, 7}, {7, 8} {3,4}.
· Example 2: An 8 TX UE maintains 39 degrees relative phase error between every pair of antennas, i.e., from  different combinations, of an 8TX UE.
Now, depending on how the existing requirements are interpreted, there may be different outcome on whether the UE in each example could be considered coherent or not.

In our view, the UE in Example 1 cannot be considered a coherent UE despite having less than 10 degrees relative phase error between every sequential pair of antennas, as the accumulated relative phase error can be more than 40 degrees for several pairs, such as {2, 7}, {1, 6}, etc. On the other hand, the UE in Example 2 may be considered as a coherent UE, as it respects and maintains the relative phase error below the required 40 degrees between every pair of the antennas.

Therefore, to clarify and avoid any ambiguity, we would like to propose the following change in the wording of the coherence requirement in subclause 6.4D.4 as follows:
	“For coherent UL MIMO, Table 6.4D.4-1 lists the maximum allowable difference between the measured relative power and phase errors between any pair of different antenna connectors…”.




Proposal 1: To avoid any ambiguity, clarify the wording of the coherence requirement in subclause 6.4D.4 as follows:
	“For coherent UL MIMO, Table 6.4D.4-1 lists the maximum allowable difference between the measured relative power and phase errors between any pair of different antenna connectors…”.




[bookmark: _Hlk68019238]

3. CONCLUSIONS
This contribution we discussed the coherence definition in the context of 8Tx and 4Tx UL MIMO and made the following observations and proposals:

Observation 1: The main challenge for RAN1 has been in interpretation of existing RAN4 requirements for coherency. Therefore, establishing a clear understanding of the “coherence” term should be the first step towards a clear answer to RAN1 LS.

Proposal 1: To avoid any ambiguity, clarify the wording of the coherence requirement in subclause 6.4D.4 as follows:
	“For coherent UL MIMO, Table 6.4D.4-1 lists the maximum allowable difference between the measured relative power and phase errors between any pair of different antenna connectors…”.
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