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1	Introduction
In [1], the Rel-18 work item for NR MIMO evolution was agreed. Two objectives of the work item concern SRS enhancements are:
  4. Study, and if justified, specify enhancements of CSI acquisition for Coherent-JT targeting FR1 and up to 4 TRPs, assuming ideal backhaul and synchronization as well as the same number of antenna ports across TRPs, as follows:
a. Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off
b. SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS capacity enhancement and/or interference randomization, with the constraints that 1) without consuming additional resources for SRS; 2) reuse existing SRS comb structure; 3) without new SRS root sequences
c. Note: the maximum number of CSI-RS ports per resource remains the same as in Rel-17, i.e., 32
5. Study, and if justified, specify UL DMRS, SRS, SRI, and TPMI (including codebook) enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices
Note: Potential restrictions on the scope of this objective (including coherence assumption, full/non-full power modes) will be identified as part of the study.


In this contribution, we discuss SRS enhancements for TDD-CJT and 8 Tx operation.
[bookmark: _Ref178064866]2	Discussion
2.1        SRS for TDD-CJT
In case of reciprocity-based DL joint transmission from multiple TRPs, precoders at each TRP would be estimated based on UL SRS transmitted from the UE. When large pathloss differences exist between the UE and the multiple TRPs, which TRP or the associated pathloss reference signal (PL- RS) should be used for SRS power control is an issue if the same SRS resource set(s) are configured for the purpose.
An example is shown in Figure 1, where UE1 and UE3 are connected to TRP1 and TRP2, respectively, while UE2 is connected to both TRPs for CJT.  UE1’s SRS is power controlled towards TRP1 while UE3’s SRS is power controlled towards TRP2. There is some SRS leakage from UE1 to TRP2 and from UE3 to TRP1, but they are typically small as UE1 is far away from the TRP2 and UE3 is far away from TRP1. For UE2, it is closer to TRP2 than to TRP1. 
If UE2’s SRS is power controlled towards TRP1 (see top figure in Figure 1), its SRS power level at TRP2 would be much higher than UE3’s SRS power level at TRP2, which could introduce interference to the SRS from UE3 if both are configured with the same comb-offset value but different cyclic shifts. 
If UE2’s SRS is power controlled towards TRP2 (see bottom figure in Figure 1), its SRS power level at TRP1 would be much lower than UE1, then UE2’s SRS would be interfered by the SRS from UE1 if both are configured with the same comb value but different cyclic shifts. 
Thus, when a same SRS resource is used for UL sounding at both TRPs for UE2, there is a near-far interference issue. The above assumes a same SRS sequence is configured for UEs at both TRPs. If different SRS sequences are configured for UEs attached to the two TRPs, the interference from UE2’s SRS at TRP2 in the first scenario in the top figure in Figure 1 would be spread out, but the overall interference level will be increased. In addition, the different SRS receivers would be needed at TRP2 to receive SRS from both UE2 and UE3. 

[bookmark: _Toc102148306]There is a near-far problem if a same SRS resource is used by a UE for UL sounding at multiple TRPs simultaneously. 

[image: ]
[bookmark: _Ref101371989]Figure 1: .An example of the near-far issue with uplink sounding for CJT by a UE with a same SRS resource.
A possible way to solve the near-far problem is to use dedicated SRS resources for UL sounding at each TRP and different SRS sequences are configured for UEs attached to different TRPs. Then the SRS interference between TRPs would be similar to inter-cell SRS interference.  UL sounding for DL channel estimation based on channel reciprocity is typically achieved via SRS antenna switching when the number Tx chains are smaller than the number of Rx chains. A similar approach can be extended for DL channel estimation over multiple TRPs with per TRP power control. 
[bookmark: _Toc102148311]Study and specify SRS antenna switching with per TRP power control for reciprocity based CJT.

In addition, how to randomize SRS interference in CJT operation may need careful consideration.  The legacy cyclic shift mapping rule aims to separate the cyclic shifts between different SRS ports of the same SRS resource as much as possible to maximize the robustness against delay spread for the different SRS ports. If there is only one UE using a certain comb and comb offset, at a certain SRS transmission occasion, the legacy cyclic shift mapping rule would be optimal since it maximizes the robustness to delay spread. 
However, in case more than one UE is transmitting SRS at the same time using the same comb and comb offset, then the legacy cyclic shift mapping rules becomes sub-optimal, since in many cases the difference in delay between SRS Ports of different UEs are larger than the difference in delay between different SRS Ports of the same UE. This is especially true for multi-TRP CJT operation where different UEs can have different propagation delays to different TRPs.  One example of this is illustrated in Figure 2, where UE1 has a large delay towards TRP2 and short delay towards TRP1, while UE2 has a short delay towards TRP 2 and long delay towards TRP1. In this case, using the legacy cyclic shift mapping is sub-optimal, since the delay between the SRS Ports of different UEs are significantly larger.  
To randomize SRS interference in CJT operation, potential enhancements (for example, cyclic shift hopping and/or comb offset hopping) may be investigated in Rel-18.

[bookmark: _Toc102148312]Study and specify mechanisms for SRS interference randomization reciprocity based CJT.

[image: ]
[bookmark: _Ref102111080]Figure 2:  An example showing different propagation delay difference between different UEs and TRPs

2.1.1	Link level simulation (LLS) assumptions
Link level evaluations may be used  for the topic.  The evaluations may be performed with 30kHz subcarrier spacing with 20 MHz system bandwidth.   Evaluation criteria could be Mean square error of SRS channel estimation.  
Some further proposed link level evaluation assumptions are given in Table 1. Say that MSE/correlation is used as performance metric such that we only need to decide on a limited set of parameters (numerology, dimensions, SRS configuration and interference)-
[bookmark: _Ref102138531]Table 1	Link-level simulation assumptions.
	Link-level simulation parameters

	Bandwidth
	20 MHz 

	Subcarrier spacing
	30 kHz

	BS antenna configuration
	32 ports:  (M, N, P, Mg, Ng) = (8,2,2,1,1), (0.8, 0.5)λ (V,H)-element spacing 

4 ports : (M, N, P, Mg, Ng) = (1,2,2,1,1), (0.8, 0.5)λ (V,H)-element spacing 



	UE antenna configuration
	 4 ports: (M,N,P)= (1,2,2) with 0.5λ spacing with omni-directional antenna elements. 

	Interfering UE 
	x dB above desired UE
delay difference: 0.5 us, 1 us, 1.5 us, 2 us (exact values to be discussed)
same comb offsets
same vs different SRS sequences

	Channel Model 
	CDL-A,B,C
UE speed 3 kmph
{100,500 ns} RMS delay spread


	SRS baseline
	SRS bandwidth = Transmission bandwidth (full sounding)
Number of SRS symbols: 1—4 (both SRS repetition and frequency hopping should be considered as a baseline for cross-SRS interference enhancements)



2.2       SRS for 8 Tx
The motivation for RAN1 to design a framework for 8 Tx SRS for CPE/FWA/vehicle/Industrial devices is to support 4 and more layers in uplink for UEs with 8 transmit antennas. The 8 Tx design shall aim to bring real benefit to the network. The discussion here in 9.1.3.2 shall be consistent with 9.1.4.2, where the assumption of UE panels shall be made.
In the UL, for CB-based transmission, as discussed in [4], there are two options to sound 8 SRS ports:
1. Support 8 SRS ports for a single SRS resource from 4 to 8, or
2. Support 2 (or more) SRS resources with usage ‘codebook’.
The 8 port codebook requires an 8 port SRS design (at least if Rel-15 principles are maintained), while a multi-SRS resource based design can use Rel-15 SRS resources. Furthermore, for NCB-based transmission, 8 SRS port operation can be supported by extending SRI and SRS configurations to 8 SRS resources. Therefore, the extent of SRS redesign needed to support 8 Tx operation depends very much on the UL MIMO mechanism(s) that are extended to 8 Tx. 
[bookmark: _Toc102148307]SRS for 8Tx under AI 9.1.3.2 is tightly related to AI 9.1.4.2.
SRS antenna switching (AS) is a critical UE functionality in real TDD deployments to harvest the gain of massive MIMO and reciprocity-based DL operation. To support SRS-based CSI acquisition for UEs with fewer Tx ports than Rx ports, TR SRS antenna switching (AS), with  Rx ports and  Tx ports, with , is supported since NR Rel-15. Support for SRS AS with  Rx ports and  Tx ports was later added in Rel-17 (except for 4T6R antenna switching, which was not agreed). 
An issue with existing SRS AS configurations is that they require multiple OFDM symbols to sound  Rx ports, with a mandatory guard period in between each antenna switch, resulting in a minimum of  SRS symbols to sound  Rx ports. For UEs that are equipped with 8 Tx and Rx chains, we could reduce the number of OFDM symbols needed to sound 8 Rx chains by increasing the maximum number of SRS ports per SRS resource from 4 to 8.
[bookmark: _Toc102148308]Supporting more than 4 ports per SRS resource can reduce the number of OFDM symbols required for SRS AS.
[bookmark: _Toc102148313]Study how to support 8 SRS ports for a single SRS resource with usage ‘antennaSwitching’.
Another issue with existing SRS AS configurations is that antenna-switching circuitry may introduce insertion loss, which, in turn will harm the reciprocity assumption and, hence, reduce DL CSI quality. For example, depending on UE implementation, insertion loss could be different for different sets of antenna ports, such that SRS power control (note that all SRS resources in an SRS resource set for AS share the same power-control loop) is optimized only for a subset of the SRS ports. This issue becomes especially relevant for TDD CJT, where it is crucial that all SRS ports are received at a similar power level to minimize interference. 
It has been proposed by companies to introduce UE-capability signaling for reporting power offsets across antenna ports for SRS DL CSI acquisitions. While this was raised in the context of 1T8R (e.g., in [3]) where a 1T4R UE expands its reception capability to 1T8R, thereby incurring extra losses for the added 4 Rx ports, there exist already a similar issue since NR Rel-15. Specifically, any SRS port other than the “primary” SRS port(s), i.e., a first set of  out of  SRS ports, can have reduced maximum output power of  dB. If UEs could instead always transmit without the 3—7.5 dB power reduction from the for the “secondary” port(s), i.e., the remaining  SRS ports, that could significantly improve the quality of CSI at the gNB.  Since the 8 Tx work item is targeting CPE/FWA/vehicle/Industrial devices, i.e. devices which can be higher capability UEs than smartphones and not having the same constraints on form factors or costs, lower loss transmit chains seem to be likely in order to meet the higher performance that would be expected from such high capability UEs.
[bookmark: _Toc87035666][bookmark: _Toc102072532][bookmark: _Toc102148314]Consider UE capability reporting for  dB for AS switching configurations.
As discussed above, increasing the number of SRS ports per SRS resource could become relevant also for SRS with usage ‘codebook’. As discussed in [4], there are two ways support 8 SRS ports for CB-based transmission: Increase the maximum number of ports per SRS resource or increase the number of SRS resources in an SRS resource set with ‘usage’ CB. Both alternatives have their advantages (see Section 2.2 in [4]). Next, we discuss some of the design aspects with increasing the maximum number of ports per SRS resource to 8.
For multi-port SRS resources, which are assigned a different cyclic shift (CS) on one or two comb offsets for each SRS port, the maximum number of CSs, , should preferably be an integer multiple of the number of ports per comb offset, . If this condition is not fulfilled, the resulting SRS sequences cannot be separated by means of simple time-domain windowing (see, e.g., Figure 7 in [2]), which is desired.
[bookmark: _Ref102066260]Table 2	Maximum number of CSs,  as a function of the transmission comb, . Reproduced from Table 6.4.1.4.2-1 in TR 38.211.
	
	

	2
	8

	4
	12

	8
	6



In Table 2, we show  as a function of the transmission comb, . We note that for , it is possible to support all 8 ports on a single comb offset, as there are 8 available CSs. However, doing so would occupy all available CSs and make the UE sensitive to delay spread. For , there are sufficient CSs to fit all 8 ports, but the  is not integer divisible by 8, which is desired. For , the 8 SRS ports cannot fit on a single comb offset as there are only 6 possible CSs.
[bookmark: _Toc102148309]An SRS resource with 8 ports that is configured with transmission comb 4 or 8 must occupy a plurality of comb offsets.
In fact, for , splitting the 8 SRS ports over two comb offsets may not be sufficient. Indeed, with  SRS ports per comb offset,  is not an integer multiple of the number of SRS ports per comb offset. There are three different ways to solve this issue: use nonequidistant CS separation, occupy 4 comb offsets, or allocate a different number of ports per comb offset (6 + 2 split to be more precise). With the last of these options, some ports will be really close to each other (sensitive to delay spread).
More than 6 cyclic shifts for SRS has been discussed in Rel-17, it had majority support but was not agreed. The issue with 8 ports SRS (see above) could be solved by extending the number of cyclic shifts for comb 8 from 6 cyclic shifts to 12 cyclic shifts. In addition, this would increase the SRS capacity, which is mentioned as one of the main targets for SRS enhancements for CJT. With as many as 12 cyclic shifts for comb 8, the robustness against delay spread might become challenging. However, this could still work for low delay spread scenario, for example indoor scenarios, which are some of the main scenarios where CJT will be applicable. 
[bookmark: _Toc102148315]Consider using more than 2 comb offsets and/or more than 6 (e.g., 12) cyclic shifts for 8-port SRS resources 

2.2.1 SRS dual usage for overhead reduction
It is also desired that 8 Tx SRS transmission can be used by the gNB for both reciprocity and codebook based operation simultaneously. 
The space and resources for SRS transmission are scarce, particularly for TDD deployments where a DL heavy TDD pattern is used, e.g., the commonly used DDDDDDDSUU pattern.  At the same time, TDD allows for reciprocity-based MIMO, which means that the SRS measurements are used for both DL CSI acquisition and for UL MIMO. Unfortunately, NR specifications tailor a certain SRS to one usage only. This implies that multiple SRS resource sets (note that the usage is configured per SRS resource set) need to be transmitted, for all active UEs, in the few available UL slots. 
A desired feature would be to be able to use one SRS measurement for both usages simultaneously, which would imply that a UE does not need to transmit one SRS for DL CSI (i.e., ‘antennaSwitching’ usage, AS) and another SRS for UL MIMO (e.g., ‘codebook’ usage, CB). This leads to SRS overhead savings and UE power savings since it could halve the amount of SRS transmissions. The desired functionality is thus summarized as follows.
[bookmark: _Toc83999197][bookmark: _Toc102148310]A desired NR Rel. 18 functionality when operating with simultaneous UL MIMO and DL MIMO operation for a UE is for the gNB to use a single SRS measurement for both CB and AS purposes, with no compromise in performance for none of them, compared to using separate SRS resources for CB and AS or same SRS resource in separate slots for CB and AS.

Now, it is possible already in Rel. 15 to configure an SRS resource that belongs to two sets simultaneously, which was discussed in RAN1#95, and the conclusion was (from the chair’s notes):Conclusion (RAN1#95)
If the UE is configured with an SRS resource associated with multiple sets with different SRS-setUse, then it is up to the UE for which SRS-setUse this SRS resource is transmitted for.

The reason for concluding this undefined behavior was:
· UE may use port mapping virtualization of SRS port to physical antenna(s), e.g., to meet a certain power class or to enhance UL MIMO performance. Such virtualization is not specified.
· It is not clear whether UE follows power control for the first or second set, as these loops are defined per SRS resource set. Hence, UE transmit power is undefined.
It has been argued by some companies that gNB can already today configure such dual usage and it is also claimed that “it works”. It may well be so that “it works” currently, but still the UE behavior is undefined, so performance is unpredictable and unreliable. New UE devices are released every month and it is good that optimization for antenna virtualization can be left to UE implementation, to handle the PAPR issues, meeting power class, or to optimize the performance.
It also has been argued by some companies, that the UE will never do anything “strange”, i.e., if dual usage is configured, it will transmit SRS so it can be used for both CB and AS simultaneously. 
An obvious example is a 2 TX and 2 RX UE, configured with a 2-port SRS resource. This UE may transmit one SRS port per TX antenna, which is the same as the RX antenna. For such a UE, one SRS transmission can be used by the gNB for both AS and CB. 
In our view, it would be great if such UE can report to the gNB that dual usage is possible for such 2-port SRS configuration. This requires standardization, and at the same time, the undefined power control can be defined when dual usage is adopted. 
To discuss the standardization of this, these two cases for a UE that has  TX antennas and  RX antennas are seemingly straightforward and can be the starting point:
1.  and a -port SRS resource is transmitted with dual CB and AS usage.
· For example, a UE supporting t1r1-t2r2-t4r4, configured with 4T=4R.
2.  and multiple -port SRS resources are transmitted (to implement antenna switching) with dual CB and AS usage. 
· For example, a UE supporting t2r4, configured with 2T4R
As mentioned, it seems these two cases are straightforward, and perhaps already frequently supported by existing UEs in the field. If capability is introduced, the UE could inform the gNB that dual usage is possible. The technical benefit we are after is that if the UE anyway support dual usage, the network should now since it will reduce the SRS overhead as discussed earlier.
A proposal for Case 1 is as follows:
[bookmark: _Toc83999211][bookmark: _Toc102148316]At least for a UE supporting maxNumberMIMO-LayersCB-PUSCH = , maxNumberMIMO-LayersPDSCH = , when a UE is configured only one -port SRS resource in a set with usage “antennaSwitching” with TR for DL CSI acquisition, the gNB can assume that the UE transmits this SRS resource in the same way (e.g., same virtualization)  as if the set would have been configured with usage ‘codebook’, and such -port SRS resource can be used for an -port UL MIMO precoder selection (i.e., TPMI selection) by the gNB.
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	There is a near-far problem if a same SRS resource is used by a UE for UL sounding at multiple TRPs simultaneously.
Observation 2	SRS for 8Tx under AI 9.1.3.2 is tightly related to AI 9.1.4.2.
Observation 3	Supporting more than 4 ports per SRS resource can reduce the number of OFDM symbols required for SRS AS.
Observation 4	An SRS resource with 8 ports that is configured with transmission comb 4 or 8 must occupy a plurality of comb offsets.
Observation 5	A desired NR Rel. 18 functionality when operating with simultaneous UL MIMO and DL MIMO operation for a UE is for the gNB to use a single SRS measurement for both CB and AS purposes, with no compromise in performance for none of them, compared to using separate SRS resources for CB and AS or same SRS resource in separate slots for CB and AS.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Study and specify SRS antenna switching with per TRP power control for reciprocity based CJT.
Proposal 2	Study and specify mechanisms for SRS interference randomization reciprocity based CJT.
Proposal 3	Study how to support 8 SRS ports for a single SRS resource with usage ‘antennaSwitching’.
Proposal 4	Consider UE capability reporting for  dB for AS switching configurations.
Proposal 5	Consider using more than 2 comb offsets and/or more than 6 (e.g., 12) cyclic shifts for 8-port SRS resources
Proposal 6	At least for a UE supporting maxNumberMIMO-LayersCB-PUSCH = , maxNumberMIMO-LayersPDSCH = , when a UE is configured only one -port SRS resource in a set with usage “antennaSwitching” with TR for DL CSI acquisition, the gNB can assume that the UE transmits this SRS resource in the same way (e.g., same virtualization)  as if the set would have been configured with usage ‘codebook’, and such -port SRS resource can be used for an -port UL MIMO precoder selection (i.e., TPMI selection) by the gNB.

[bookmark: _In-sequence_SDU_delivery]References
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