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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:
· Rel-16/17 Type-II codebook refinement for CJT mTRP targeting FDD and its associated CSI reporting, taking into account throughput-overhead trade-off
· 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
· 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.


The EVM for SRS enhancements for TDD-CJT and 8 Tx operation was agreed in RAN1 #109-e meeting as follows:
Agreement 
For SRS EVM, adopt combined relevant parts from Rel-17 SRS EVM and Rel-18 FDD CJT EVM as starting point
· Details are provided in Appendix 3 of R1-2205330 for system-level simulations
· Details are provided in Appendix 4 of R1-2205330 for link-level simulations.

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 RAN1 #109-e meeting, the following agreement was made on SRS for TDD-CJT.
Agreement 
Study the following for SRS enhancement to manage inter-TRP cross-SRS interference targeting TDD CJT via SRS interference randomization and/or capacity enhancement
· Randomized frequency-domain resource mapping for SRS transmission
· E.g., further enhancements to frequency hopping, comb hopping
· Randomized code-domain resource mapping for SRS transmission
· E.g., cyclic shift hopping/randomization, sequence hopping/randomization, per-hop sequence from a long SRS sequence
· Randomized transmission of SRS
· E.g., pseudo-random muting of SRS transmission for periodic and semi-persistent SRS
· Per-TRP power control and/or power control of one SRS towards to multiple TRPs
· SRS TD OCC
· Increasing the maximum number of cyclic shifts 
· E.g., multiplying mask sequence to the legacy SRS sequence to effectively increase the maximum cyclic shifts
· Precoded SRS for DL CSI acquisition
· Enhanced signalling for flexible SRS transmission
· E.g., dynamic update of SRS parameters
· Partial frequency sounding extensions
· E.g., larger partial frequency sounding factor, starting RB location hopping enhancements, partial frequency hopping on other bandwidths corresponding to ,   besides the last bandwidth 
· Enhanced configuration of SRS transmission to enable more efficient SRS parameter assignment
· E.g., configuration of  (sequence index within a group) per SRS resource
· E.g., configuration of cyclic shift per SRS port per SRS resource.
· Resource mapping for SRS transmission based on network-provided parameters or system parameters
· E.g., SRS resource mapping based on network-provided parameters (e.g., configurable indexes) or system parameters (e.g., slot index)
Note: PAPR performance and maintaining DFT waveform property should be considered when deciding the enhancement for Rel-18.

In our view, the proposed SRS enhancements for TDD-CJT in the agreement above can be divided into three categories: SRS interference-randomization-and-mitigation techniques, SRS capacity enhancements, and flexible SRS signaling. In what follows, we discuss separately each category of enhancements.
2.1.1	SRS capacity enhancements
As can be seen in the agreement from RAN1#109-e, several candidates for increasing SRS capacity for TDD CJT, where one of these options is to introduce TD-OCC for SRS. Candidates include:
· TD-OCC,
· Increased number of cyclic shifts (CSs), and
· Partial-sounding enhancements.
Increasing the number of CSs per comb is a straightforward way to increase SRS capacity and could be a useful SRS enhancement, especially for comb 8 (see discussion in Section 2.2). However, the number of CSs that can be occupied in a time/frequency resource will be limited by the delay spread of the channel. Indeed, if the delay spread is too large (i.e., in the same order of magnitude or larger than the separation between cyclic shifts) SRS ports assigned to adjacent CSs will start to interfere, which will decrease the channel-estimation quality and, in turn, the DL performance for reciprocity-based TDD CJT. 
This problem is further exacerbated in TDD CJT, where delay differences between TRPs could result in an even smaller separation, at the receiver side, between CSs which implies that not all CSs can be occupied in such scenarios, which will reduce SRS capacity. Therefore, using a TD-OCC may increase SRS capacity for coverage-limited UEs (i.e., that need to use multiple symbols) as fewer CSs needs to be occupied to serve a fixed number of SRS ports.
TD-OCC for SRS can be applied over an SRS resource that is repeated over multiple OFDM symbols (e.g., for an SRS resource with a repetition factor larger than 1). By applying two different TD-OCC codes for two different SRS ports, the network can separate the two SRS ports during reception, even when they are configured with the same code (i.e., same sequence and cyclic shift), same frequency resource and same time resources. In this way, SRS capacity can be improved in coverage-limited scenarios.
It is worth mentioning that techniques to improve SRS capacity for coverage-limited scenarios exist already in the form of SRS frequency hopping. However, this technique has the drawback that the SRS sequence length is shortened, which could make the system more sensitive towards inter-cell interference. Also, phase discontinuities between frequency hops could limit performance.
Next, we demonstrate, by means of initial LLS evaluations, the effect on channel-estimation quality of using an SRS TD-OCC compared to legacy NR for channels with varying delay spread. The LLS simulation parameters are collected in Table 1. Here, we have considered realistic channel estimation and the TDL-C channel model, as per the following agreement:
[bookmark: _Ref111215499]Agreement 
For SRS EVM, consider additional EVM as follows
· Realistic channel estimation based on sequence generation for SRS modelling, at least for TDD CJT SRS LLS and 8 Tx SRS LLS as baseline
· Evaluation metrics for 8 Tx SRS LLS can be MSE, BLER or throughput
· TDL-C for TDD CJT SRS LLS can be included as optional.

Table 1: LLS parameters for initial TDD CJT SRS evaluations.
	Summary of LLS parameters

	Number of TRPs
	2

	Number of UEs
	4

	Carrier frequency 
	3.5 GHz

	Subcarrier spacing
	30 kHz

	System bandwidth
	20 MHz

	Channel model
	TDL-C (ideal synchronization and backhaul)

	Delay spread (RMS)
	[30, 300] ns

	UE velocity
	0 km/h

	Antennas at UE
	2T4R

	Antennas at gNB
	32 ports: (8,8,2,1,1,2,8), [dH, dV] = [0.5, 0.8] λ 

	Metric
	MSE

	Baseline
	R17 SRS design

	SRS configuration
(used for both legacy and TD-OCC enhancement) 
	SRS bandwidth: 48 RBs
SRS comb: 2
Number of SRS symbols: 4
Repetition factor: 4
No frequency hopping and/or partial sounding

	SRS receiver
	Realistic



We consider two different SRS configurations:
· Legacy: 4 UEs/8 SRS ports are multiplexed on the same time/frequency resources using 8 CSs.
· TD-OCC enhancement: 4 UEs/8 SRS ports are multiplexed on the same time/frequency resources using 2 CSs and a length-4 TD-OCC (Hadamard code)
In Figure 1 and Figure 2, we show MSE as a function of the SNR, which is defined as the ratio between the transmit power per subcarrier divided by received noise power per subcarrier (the channel gain has been normalized to 1), for the case when the RMS delay spread is 30 ns and 300 ns, respectively. We note that SRS TD-OCC outperforms legacy methods at high SNR (i.e., when the interference is the dominant impairment). 
[image: ]
[bookmark: _Ref111216512]Figure 1: SRS TD-OCC enhancement versus legacy NR SRS for TDL-C with 30 ns RMS delay spread. 
[image: ]
[bookmark: _Ref111217958]Figure 2: SRS TD-OCC enhancement versus legacy NR SRS for TDL-C with 300 ns RMS delay spread.
It is worth noting that more SRS ports (4 times more, to be precise) can be multiplexed on the same time/frequency resource by using the TD-OCC and occupying all 8 CSs. In that case, SRS capacity will be increased at the expense of reduced channel-estimation quality at high SNR. 
Based on the above results, we make the following observations:
[bookmark: _Toc111245902]TD-OCC improves channel-estimation quality for channels with large delay spread and/or for channels with large delay differences between TRPs, which improves DL performance for reciprocity-based TDD CJT.
[bookmark: _Toc111245903]TD-OCC may improve SRS capacity in coverage-limited scenarios.
Another candidate SRS capacity enhancement is to extend SRS partial sounding by, e.g., increasing the partial-sounding factor. In NR Rel-17, partial-sounding factors  are supported. A possible extension would be to support also . However, such an extension would be useful only for a limited set of SRS bandwidth configurations, as will be discussed next.
The combination of SRS bandwidth , partial-sounding factor, and transmission comb  must be set such that the SRS sequence length  is valid, where valid sequence length belongs to the set . For, e.g.,  and , this implies that  must be a multiple of 32.
[bookmark: _Ref111223448]In Table 2, we show all possible SRS bandwidth configurations and indicate which ones would be supported for partial-sounding factor  and transmission comb . Note that, even if a particular SRS bandwidth results in a valid sequence length, the resulting frequency pattern may not offer any new behavior compared to legacy frequency hopping, which we have highlighted in Table 2. At this point, it is worth pointing out that a larger set of SRS bandwidths are supported for smaller partial-sounding factors and/or transmission combs, but this example serves to explain the underlying issue. For example, for , it would be possible to configure  for . However, this would lead to a redundant configuration as illustrated in Figure 3. For some SRS bandwidths, however, extended partial sounding can achieve a frequency pattern that cannot be achieved by legacy NR SRS. One such example, for  and , is shown in Figure 4. Note, however, that legacy frequency hopping may yet offer higher SRS capacity, as more narrowband sounding could be possible (cf. Figure 4). We make the following observation:

[bookmark: _Toc111245904]SRS partial frequency with increased partial-sounding factor does not offer much benefit in terms of SRS capacity compared to legacy frequency hopping.


[bookmark: _Ref111213560]
[bookmark: _Ref111242794]Table 2: Possible SRS bandwidth configurations. Bandwidth configurations for which partial-sounding factor  and  results in valid SRS sequence lengths but offer no benefits compared to legacy frequency hopping are highlighted in yellow. Bandwidth configurations that additionally offers some novelty compared to legacy frequency hopping are highlighted in green.
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	0
	4
	1
	4
	1
	4
	1
	4
	1

	1
	8
	1
	4
	2
	4
	1
	4
	1

	2
	12
	1
	4
	3
	4
	1
	4
	1

	3
	16
	1
	4
	4
	4
	1
	4
	1

	4
	16
	1
	8
	2
	4
	2
	4
	1

	5
	20
	1
	4
	5
	4
	1
	4
	1

	6
	24
	1
	4
	6
	4
	1
	4
	1

	7
	24
	1
	12
	2
	4
	3
	4
	1

	8
	28
	1
	4
	7
	4
	1
	4
	1

	9
	32
	1
	16
	2
	8
	2
	4
	2

	10
	36
	1
	12
	3
	4
	3
	4
	1

	11
	40
	1
	20
	2
	4
	5
	4
	1

	12
	48
	1
	16
	3
	8
	2
	4
	2

	13
	48
	1
	24
	2
	12
	2
	4
	3

	14
	52
	1
	4
	13
	4
	1
	4
	1

	15
	56
	1
	28
	2
	4
	7
	4
	1

	16
	60
	1
	20
	3
	4
	5
	4
	1

	17
	64
	1
	32
	2
	16
	2
	4
	4

	18
	72
	1
	24
	3
	12
	2
	4
	3

	19
	72
	1
	36
	2
	12
	3
	4
	3

	20
	76
	1
	4
	19
	4
	1
	4
	1

	21
	80
	1
	40
	2
	20
	2
	4
	5

	22
	88
	1
	44
	2
	4
	11
	4
	1

	23
	96
	1
	32
	3
	16
	2
	4
	4

	24
	96
	1
	48
	2
	24
	2
	4
	6

	25
	104
	1
	52
	2
	4
	13
	4
	1

	26
	112
	1
	56
	2
	28
	2
	4
	7

	27
	120
	1
	60
	2
	20
	3
	4
	5

	28
	120
	1
	40
	3
	8
	5
	4
	2

	29
	120
	1
	24
	5
	12
	2
	4
	3

	30
	128
	1
	64
	2
	32
	2
	4
	8

	31
	128
	1
	64
	2
	16
	4
	4
	4

	32
	128
	1
	16
	8
	8
	2
	4
	2

	33
	132
	1
	44
	3
	4
	11
	4
	1

	34
	136
	1
	68
	2
	4
	17
	4
	1

	35
	144
	1
	72
	2
	36
	2
	4
	9

	36
	144
	1
	48
	3
	24
	2
	12
	2

	37
	144
	1
	48
	3
	16
	3
	4
	4

	38
	144
	1
	16
	9
	8
	2
	4
	2

	39
	152
	1
	76
	2
	4
	19
	4
	1

	40
	160
	1
	80
	2
	40
	2
	4
	10

	41
	160
	1
	80
	2
	20
	4
	4
	5

	42
	160
	1
	32
	5
	16
	2
	4
	4

	43
	168
	1
	84
	2
	28
	3
	4
	7

	44
	176
	1
	88
	2
	44
	2
	4
	11

	45
	184
	1
	92
	2
	4
	23
	4
	1

	46
	192
	1
	96
	2
	48
	2
	4
	12

	47
	192
	1
	96
	2
	24
	4
	4
	6

	48
	192
	1
	64
	3
	16
	4
	4
	4

	49
	192
	1
	24
	8
	8
	3
	4
	2

	50
	208
	1
	104
	2
	52
	2
	4
	13

	51
	216
	1
	108
	2
	36
	3
	4
	9

	52
	224
	1
	112
	2
	56
	2
	4
	14

	53
	240
	1
	120
	2
	60
	2
	4
	15

	54
	240
	1
	80
	3
	20
	4
	4
	5

	55
	240
	1
	48
	5
	16
	3
	8
	2

	56
	240
	1
	24
	10
	12
	2
	4
	3

	57
	256
	1
	128
	2
	64
	2
	4
	16

	58
	256
	1
	128
	2
	32
	4
	4
	8

	59
	256
	1
	16
	16
	8
	2
	4
	2

	60
	264
	1
	132
	2
	44
	3
	4
	11

	61
	272
	1
	136
	2
	68
	2
	4
	17

	62
	272
	1
	68
	4
	4
	17
	4
	1

	63
	272
	1
	16
	17
	8
	2
	4
	2



[image: ]    [image: ]
[bookmark: _Ref111223973]Figure 3: Frequency hopping with  and (left) and partial sounding with , , and =8 (right). Here, we have assumed partial-sounding hopping is configured and that the partial-sounding vector is [0,4,2,6,1,5,3,7], which is the straightforward extension of the partial-sounding vector in Table 6.4.1.4.3-3 of 3GPP TS 38.211. The number of SRS symbols per slot is 8.

[image: ]    [image: ]
[bookmark: _Ref111224354]Figure 4: Frequency hopping with  and (left) and partial sounding with , , and =8 (right). Here, we have assumed partial-sounding hopping is configured and that the partial-sounding vector is [0,4,2,6,1,5,3,7], which is the straightforward extension of the partial-sounding vector in Table 6.4.1.4.3-3 of 3GPP TS 38.211. The number of SRS symbols per slot is 8.
Based on evaluation results, discussions, and observations above, we make the following proposal:
[bookmark: _Toc111245908]Consider TD-OCC as a possible enhancement for SRS capacity in NR Rel-18.

2.1.2	Flexible SRS signaling
In NR Rel. 16, additional UE-capability signaling was introduced indicating that the UE supports SRS antenna switching where only a subset of the UE antennas is sounded, which can be used to reduce UE energy consumption and SRS overhead at a cost of reduced DL performance. In NR Rel-17, SRS antenna switching was extended to up to 8 RX and this feature is therefore now even more important. 
SRS resources used for reciprocity-based MU-MIMO with a potentially large number of UEs consume significant amount of UL resources. Furthermore, reciprocity-based MU-MIMO is predominantly used in TDD systems where some deployments have few UL slots or few UL symbols in special slots. Hence, to be able to dynamically manage these resources becomes important as the traffic load increases. Note that both full-channel (i.e., sounding all UE antennas) and partial-channel (i.e., sounding a subset of the UE antennas) sounding provides the possibility to perform MU-MIMO scheduling but as the acquired channel knowledge is different, performance will also differ. Hence, it is possible to trade-off overhead with performance by adapting the SRS transmission scheme.  
[bookmark: _Toc111245905]Dynamically adapting the SRS configurations is important to manage SRS load and to enable fast trade-off between SRS overhead and performance/need. 
One possible solution is to configure, e.g., a 2T4R UE with one SRS resource set triggered with a first SRS trigger state used to sound all four UE antennas (to maximize DL performance) and a second SRS resource set with a second SRS trigger state used to sound only two of the four UE antennas (to save SRS overhead). However, due to limitations in the number of aperiodic trigger states (three trigger states are currently supported in NR) and since different aperiodic trigger states might be used for triggering SRS resource sets with different usages and/or with different slot offsets, the possibilities to adapt the number of sounded UE antennas in this way is limited. 
Therefore, an enhancement is needed to more efficiently adapting the number of UE antennas that are sounded with antenna switching. For a UE that supports multiple TR values, it is beneficial if switching between them can be done faster than using RRC. 
[bookmark: _Toc66683022][bookmark: _Toc83999203][bookmark: _Toc111245909][bookmark: _Toc61874759]Consider signaling for adapting the UE antennas that are sounded for antenna switching, i.e., enable “faster than RRC” switching between different supported TR antenna-switching configurations.  

2.1.3	SRS interference randomization and mitigation
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 5, 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 5), 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 5), 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, similar to the case where the two TRPs are associated to different cells, the interference from UE2’s SRS at TRP2 in the first scenario in the top figure in Figure 5 would be spread out. 
[bookmark: _Toc111245906]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: _Ref111214340]Figure 5: An example of the near-far issue with uplink sounding for TDD 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. The same approach can be extended for DL channel estimation over multiple TRPs with per TRP power control where one SRS resource set is configured for each TRP with associated power control parameters and multiple SRS resource sets are triggered together for multi-TRP channel sounding.  Because different SRS sequences are configured for different TRPs, there is no increase of SRS overhead comparing to  using a same SRS sequence across the multiple TRPs. 
[bookmark: _Toc111245910]Consider SRS antenna switching with per TRP power control for reciprocity based CJT in NR Rel-18.
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 factor and comb offset, then the legacy cyclic-shift mapping rules becomes sub-optimal since in many cases additional delay between SRS Ports of different UEs can exist, which would cause additional cyclic shifts and thus, possible interference across SRS ports. 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 6, where UE1 has a large delay towards TRP2 and short delay towards TRP1, while UE2 has a short delay towards TRP2 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.  
[image: Chart, line chart
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Figure 6:  An example showing different propagation delay difference between different UEs and TRPs
[bookmark: _Ref111221680]To randomize SRS interference in CJT operation, cyclic shift hopping and/or comb offset hopping can be  considered in Rel-18. Example of cyclic shift hopping is illustrated in Figure 7 where each SRS transmission occasion contains four OFDM symbols. 
(a) shows an example of cyclic shift hopping per OFDM symbol per SRS transmission occasion, the cyclic shifts allocated to a set of SRS ports change over different OFDM symbols within each SRS transmission occasion.  
(b) shows an example of cyclic shift hopping per SRS transmission occasion, in which case the cyclic shift allocation is unchanged over different OFDM symbols within each SRS transmission occasion, but changes from one SRS transmission occasion to another occasion. 
(c) shows an example of cyclic shift hopping per OFDM symbol and per SRS transmission occasion, in which the cyclic shift allocation changes over different OFDM symbols within each SRS transmission occasion and also from one SRS transmission occasion to another SRS transmission occasion. 
Note that comb offset hopping schemes can be similarly designed by considering different hopping granularities in the time domain (e.g., comb offset hopping per OFDM symbol, comb offset hopping per SRS transmission occasion, comb offset hopping per OFDM symbol and per SRS transmission occasion).
[bookmark: _Ref101775788]
Slot n
Slot n+1
Two SRS transmission occasions
(a) Hopping per OFDM symbol 
(b) Hopping per SRS transmission occasion  
(c) Hopping per OFDM symbol and per SRS transmission occasion  
Slot n
Slot n+1
Slot n
Slot n+1
Note: Different colors represent different cyclic shift 
allocations to a same set of SRS ports 

[bookmark: _Ref111215024]Figure 7: Examples of different cyclic shift hopping schemes. 
Given the discussion above, we make the following proposal:
[bookmark: _Toc111245911]Consider one of either cyclic shift hopping or comb offset hopping as an enhanced SRS interference randomization scheme for reciprocity-based TDD CJT.


2.2       SRS for 8 TX
In RAN1 #109-e meeting, following agreements were made on SRS for 8 TX:
Agreement 
Study the potential enhancements for SRS of 8T8R with usage antennaSwitching.
Agreement 
Study the potential enhancements for SRS for 8 Tx operation
· SRS resource(s) with 8 ports are configured for codebook-based PUSCH
· Up to 8 single-port SRS resources are configured for non-codebook-based PUSCH
Agreement 
For SRS enhancements to enable 8 Tx UL operation to support 4 and more layers per UE in UL targeting CPE/FWA/vehicle/Industrial devices, study aspects include, for SRS for CB/NCB/AS, 
· Design parameters, including the maximum number of SRS resource sets, number of SRS resource sets, number of SRS resources, number of ports per resource, number of OFDM symbols, the allowed configurations for comb / comb shifts / cyclic shifts, number of simultaneous ports / resources / resource sets per OFDM symbol
· For the next decision point, study
· Whether to support 8 ports in one or multiple resources 
· Whether to support 8 ports in one or multiple OFDM symbols
· The maximum number of SRS resource sets.
· Note: For SRS for NCB, number of ports per SRS resource is still 1 (same as R15)


There are two ways to support 8 SRS ports for CB-based transmission:
· Increase the maximum number of ports per SRS resource 
· 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]). Here 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 3	Maximum number of CSs,  as a function of the transmission comb, . Reproduced from Table 6.4.1.4.2-1 in TR 38.211.
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In Table 3, 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: _Toc111245907]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).
Using more than 6 cyclic shifts for SRS was discussed in NR 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: _Toc111245912]Consider using more than 2 comb offsets and/or more than 6 (e.g., 12) cyclic shifts for 8-port SRS resources 

3	Conclusion
In the previous sections we made the following observations: 
Observation 1	TD-OCC improves channel-estimation quality for channels with large delay spread and/or for channels with large delay differences between TRPs, which improves DL performance for reciprocity-based TDD CJT.
Observation 2	TD-OCC may improve SRS capacity in coverage-limited scenarios.
Observation 3	SRS partial frequency with increased partial-sounding factor does not offer much benefit in terms of SRS capacity compared to legacy frequency hopping.
Observation 4	Dynamically adapting the SRS configurations is important to manage SRS load and to enable fast trade-off between SRS overhead and performance/need.
Observation 5	There is a near-far problem if a same SRS resource is used by a UE for UL sounding at multiple TRPs simultaneously.
Observation 6	An SRS resource with 8 ports that is configured with transmission comb 4 or 8 must occupy a plurality of comb offsets.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Consider TD-OCC as a possible enhancement for SRS capacity in NR Rel-18.
Proposal 2	Consider signaling for adapting the UE antennas that are sounded for antenna switching, i.e., enable “faster than RRC” switching between different supported TR antenna-switching configurations.
Proposal 3	Consider SRS antenna switching with per TRP power control for reciprocity based CJT in NR Rel-18.
Proposal 4	Consider one of either cyclic shift hopping or comb offset hopping as an enhanced SRS interference randomization scheme for reciprocity-based TDD CJT.
Proposal 5	Consider using more than 2 comb offsets and/or more than 6 (e.g., 12) cyclic shifts for 8-port SRS resources
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