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Introduction
In the RAN#94 meeting,  WID [1] on the further evolution of DL and UL MIMO was approved, which includes two objectives relevant to further SRS enhancement. One objective of SRS enhancement is related to TDD CJT for studying inter-TRP cross-SRS interference, and another objective is to enhance SRS to support 8Tx UL operation.
	Objective 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
Objective 6:
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 would discuss multiple design options for 8 ports SRS for codebook and non-codebook transmission. Moreover, some analyses for enhancement on SRS for TDD CJT are also provided.

SRS enhancement for UL 8Tx
There are many usages of SRS, such as for codebook/non-codebook transmission, antenna switching, beam management, and so on. However, in the NR system, one SRS resource can only support up to 4 ports for codebook based uplink transmission. Besides. there are up to 4 SRS resources in one SRS set for non-codebook based uplink transmission. In Rel-18, more than 4 layers are to be supported for CPE/FWA/vehicle/Industrial devices for 8 Tx uplink operation. That means one SRS resource with 8 ports should be defined for codebook-based transmission, while 8 SRS resources each with a single port should be supported for non-codebook-based transmission. Related aspects are discussed in detail in the sub-sections below.
Multiplexing principle of legacy SRS
[bookmark: _Hlk101989985]In design for SRS, it can be classified as a cyclic shift and FDM based solution, since the multiplexing of multiple ports in one SRS resource is achieved by different cyclic shifts and/or frequency positions. The determination of the cyclic shift for one SRS port can be shown as follows. 


where  is the value of cyclic shift configured by RRC,  is the maximum number of cyclic shifts,  is the index of one SRS port,  is the number of ports of the SRS resource. Moreover, the specific frequency position  of one SRS port can be presented by the following formula.


where  is the comb size of one SRS resource and  is the offset in the frequency domain configured by RRC. From the above formula, it can be observed that for different numbers of SRS port and comb structures, the method used to multiplex SRS ports are different in the same cases. 
When one SRS resource is configured with 2 ports, no matter whether the comb is equal to 2, 4, or 8, SRS ports are only multiplexed by different cyclic shifts. However, in the case of one SRS resource with 4 ports, due to the different comb structures, there are different manners when multiplexing multiple ports. For instance, regarding comb 4, if SRS is configured with a value of the cyclic shift smaller than 6, 4 SRS ports would be multiplexed by different cyclic shifts with the same interval. However, if SRS is configured with a value of the cyclic shift equal to or larger than 6, the SRS ports 1001 and 1003 would also be mapped in different frequency positions additionally, which can be configured for the case with larger transmission delay. Regarding comb 8 which is introduced for SRS in Rel-17, 6 cyclic shifts can’t be uniformly distributed with an interval of integer. Therefore, SRS ports 1000 and 1002 (or 1001 and 1003) are multiplexed with two cyclic shifts with the interval as 3 on the same frequency position, and SRS ports 1000 and 1001 (or 1002 and 1003) are mapped in different frequency positions. 
Possible solutions for 8 ports SRS for codebook
Cyclic shift and FDM based solution
To keep the same multiplexing principle for SRS resource with 8 ports, a natural way is to reuse a similar multiplexing principle of the legacy SRS resource, i.e., cyclic shift and FDM based solution. However, due to the increased number of the SRS ports, the interval of cyclic shifts for each SRS port would be smaller than the legacy SRS resource. Therefore, some specific designs might be needed for different comb sizes. 
· Comb 2
For comb 2, there are up to 8 cyclic shifts that can be used for SRS ports. When the number of ports in one SRS resource equals 8, one most direct way is to map 8 cyclic shifts to 8 ports, in this case, the interval between two adjacent cyclic shifts equals 1. The detail of the cyclic shift mapping is shown in the table below.
Cyclic shift mapping for SRS resource with 8 ports in comb 2
	
	Port 1000
	Port 1001
	Port 1002
	Port 1003
	Port 1004
	Port 1005
	Port 1006
	Port 1007

	CS 0
	0
	1
	2
	3
	4
	5
	6
	7

	CS 1
	1
	2
	3
	4
	5
	6
	7
	0

	CS 2
	2
	3
	4
	5
	6
	7
	0
	1

	CS 3
	3
	4
	5
	6
	7
	0
	1
	2

	CS 4
	4
	5
	6
	7
	0
	1
	2
	3

	CS 5
	5
	6
	7
	0
	1
	2
	3
	4

	CS 6
	6
	7
	0
	1
	2
	3
	4
	5

	CS 7
	7
	0
	1
	2
	3
	4
	5
	6


Regarding the mapping on the frequency domain, three potential schemes can be considered as follows. 
· Scheme 1: to map these 8 ports on the same frequency position. In this case, the orthogonality between different ports is only guaranteed by associated cyclic shifts. 
· [bookmark: _Hlk102002858]Scheme 2: to map port {1000, 1002, 1004, 1006} and port {1001, 1003, 1005,1007} in two different frequency positions. 
· Scheme 3: to map two groups in different frequency positions only when SRS resource is associated with a certain value of cyclic shift by RRC. This scheme is the same as what for 4 ports SRS with comb 2.
Comparing the above three schemes, the main drawback of scheme 1 is that performance degrades significantly when the channel delay is large, due to the small interval between different cyclic shifts. Besides, scheme 3 seems like a combination of scheme 1 and scheme2, which would be more flexible to handle the cases with different channel delays.
For comb 2, 8 different cyclic shifts can be exactly mapped on 8 SRS ports.
For comb 2, performance cannot be guaranteed with mapping 8 SRS ports in the same frequency position when the channel delay is large.
For comb 2, the same port mapping method as for 4 ports SRS can be considered for  8 ports SRS, considering the flexibility.

· Comb 4
For comb 4, there are 12 cyclic shifts available multiplexing 8 ports SRS. However, similar to the case of  4 ports SRS in comb 8, 12 cyclic shifts can’t be divided by 8, leading to unequal intervals among 8 ports. To handle this issue, mapping 2 or 4 different cyclic shifts for 8 ports SRS can be considered. For instance, when 4 different cyclic shifts are assigned for 8 ports SRS, the same solution as 4 ports SRS in comb 8 can be reused to map the cyclic shifts to 8 ports SRS. As shown in the table below, 4 configurable cyclic shifts with the interval of 3 are used for 8 ports. 
Cyclic shift mapping for SRS resource with 8 ports in comb 4
	
	Port 1000
	Port 1001
	Port 1002
	Port 1003
	Port 1004
	Port 1005
	Port 1006
	Port 1007

	CS 0
	0
	0
	3
	3
	6
	6
	9
	9

	CS 1
	1
	1
	4
	4
	7
	7
	10
	10

	CS 2
	2
	2
	5
	5
	8
	8
	11
	11

	CS 3
	3
	3
	6
	6
	9
	9
	0
	0

	CS 4
	4
	4
	7
	7
	10
	10
	1
	1

	CS 5
	5
	5
	8
	8
	11
	11
	2
	2

	CS 6
	6
	6
	9
	9
	0
	0
	3
	3

	CS 7
	7
	7
	10
	10
	1
	1
	4
	4

	CS 8
	8
	8
	11
	11
	2
	2
	5
	5

	CS 9
	9
	9
	0
	0
	3
	3
	6
	6

	CS 10
	10
	10
	1
	1
	4
	4
	7
	7

	CS 11
	11
	11
	2
	2
	5
	5
	8
	8


Regarding the mapping on frequency-domain, the similar approach used for 4 ports SRS can be considered as a potential solution, i.e., to map the port {1000, 1002, 1004, 1006} and port {1001, 1003, 1005,1007} in two different frequency positions. Additionally, in the case of mapping 2 different cyclic shifts for 8 ports SRS with the interval of 6, mapping of 8 SRS ports in four different frequency positions can also be considered as a potential solution. 
For comb 4, a similar approach for 4 ports SRS for cyclic shifts and frequency position mapping can be considered for  8 ports SRS.

· Come 8
For comb 8, only up to 6 cyclic shifts are available for SRS ports multiplexing. However, it is impossible to assign 6 cyclic shifts to 8 ports with an integer interval. Therefore, using two configurable cyclic shifts for 8 ports SRS is a potential solution for this case. The detail of the cyclic shift mapping is shown in the table below.
Cyclic shift mapping for SRS resource with 8 ports in comb 8
	
	Port 1000
	Port 1001
	Port 1002
	Port 1003
	Port 1004
	Port 1005
	Port 1006
	Port 1007

	CS 0
	0
	0
	0
	0
	3
	3
	3
	3

	CS 1
	1
	1
	1
	1
	4
	4
	4
	4

	CS 2
	2
	2
	2
	2
	5
	5
	5
	5

	CS 3
	3
	3
	3
	3
	0
	0
	0
	0

	CS 4
	4
	4
	4
	4
	1
	1
	1
	1

	CS 5
	5
	5
	5
	5
	2
	2
	2
	2


Regarding the frequency-domain mapping, we can consider to map the ports {1000, 1004}, ports {1001, 1005}, ports {1002, 1006} and ports {1003,1007} in four different frequency positions.
For comb 8, 8 ports SRS can be mapped with two configurable cyclic shifts in four different frequency positions.
Support to enhance cyclic shift and FDM based solution for SRS resource with 8 ports.

TDM based solution
Apart from cyclic shift and FDM based approach, TDM based solution is another potential way to multiplex 8 ports for a SRS resource. In this case, more than one OFDM symbol, such as 2 or 4 OFDM symbols, would be occupied by one SRS resource without any repetition. The SRS port can occupy multiple OFDM symbols with the same comb structure in each OFDM symbol. For example, each 4 ports are mapped on one OFDM symbol, then a total of 8 ports are multiplexed in two OFDM symbols. However, some obvious issues should be addressed when mapping the 8 ports in TDM manner as follows.
· The SRS overhead would increase if multiple OFDM symbols are occupied without repetition, let alone when SRS repetition is configured.
· The number of SRS repetitions would be limited, which would affect the uplink coverage performance.
· The additional restriction needs to be introduced to bundle the multiple OFDM symbols together when hopping is enabled.
If  8 SRS ports are multiplexed in TDM manner,  several key issues should be addressed, such as overhead, uplink coverage performance, and effect on hopping.
The feasibility of TDM multiplexing of  8 SRS ports should be carefully discussed.

Multiple-resources based solution
For codebook-based transmission in the current spec, up to four SRS ports per SRS resource can be configured for uplink sounding. To support more than 4 ports for uplink sounding and channel estimation, aggregating SRS ports from multiple SRS resources is also a possible scheme to achieve 8 SRS ports. These multiple SRS resources can be from the same SRS set, or even from different SRS sets. 
However, this solution also requires some restrictions, such as the offset between two SRS resources, and the consistency of transmission power and phase. Besides, the SRI indication in DCI might also need to be redefined or enhanced. 
8 SRS ports for codebook-based transmission can be mapped on multiple SRS resources.
The feasibility of aggregating 8 ports from multiple SRS resources for codebook based uplink transmission should be further studied.

Enhancement on SRS for non-codebook
For non-codebook based uplink transmission, UE is configured with multiple SRS resources each with a single port in a set. In the current NR spec, up to four SRS resources in one SRS resource set can be configured. Therefore, in order to support more than four layers in non-codebook based uplink transmission, increasing the maximum number of SRS resources to 8 in one SRS resource set can be supported, which is a straightforward way to support the non-codebook based uplink transmission.
Support to increase the maximum number of SRS resources to 8 in one SRS resource set for non-codebook based uplink transmission.

SRS enhancement for TDD CJT
Coherent joint transmission (CJT) is a potential MTRP-based transmission scheme for massive MIMO. For TDD CJT scenario, SRS would be used to estimate the reciprocal channel information for non-PMI based transmission in downlink. In Rel-17, further enhancement on SRS capacity has been specified, such as partial SRS sounding, comb size of 8, etc. In SRS partially sounding, UE transmits on a part of the hopping band to further save the number of RBs occupied by SRS. Additionally, Rel-17 introduces comb 8, which is also an efficient method to reduce the frequency-domain resource occupied by SRS. Compared to comb 4, comb 8 would save half of the frequency-domain resources occupied. Therefore, considering these perspectives, whether to further enhance the flexibility and capacity of SRS for TDD CJT needs to be further justified.
The necessity of enhancement on the SRS flexibility and capacity needs to be justified.

Conclusion
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In summary, the following proposals are made for Rel-18 SRS enhancement.
1. For comb 2, 8 different cyclic shifts can be exactly mapped on 8 SRS ports.
For comb 2, performance cannot be guaranteed with mapping 8 SRS ports in the same frequency position when the channel delay is large.
If  8 SRS ports are multiplexed in TDM manner,  several key issues should be addressed, such as overhead, uplink coverage performance, and effect on hopping.
8 SRS ports for codebook-based transmission can be mapped on multiple SRS resources.
1. For comb 2, the same port mapping method as for 4 ports SRS can be considered for  8 ports SRS, considering the flexibility.
For comb 4, a similar approach for 4 ports SRS for cyclic shifts and frequency position mapping can be considered for  8 ports SRS.
For comb 8, 8 ports SRS can be mapped with two configurable cyclic shifts in four different frequency positions.
Support to enhance cyclic shift and FDM based solution for SRS resource with 8 ports.
The feasibility of TDM multiplexing of  8 SRS ports should be carefully discussed.
The feasibility of aggregating 8 ports from multiple SRS resources for codebook based uplink transmission should be further studied.
Support to increase the maximum number of SRS resources to 8 in one SRS resource set for non-codebook based uplink transmission.
The necessity of enhancement on the SRS flexibility and capacity needs to be justified.
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