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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The WID of NR MIMO enhancements for Rel-18 related to the SRS enhancement is [1]: 
	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:
· 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

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 mainly focus on the SRS enhancement targeting TDD CJT and 8Tx UL transmission.

2 SRS interference management for CJT
General view on interference management
Compared with NCJT, the enhancement on which has been performed in Rel-16 and Rel-17, CJT-based transmission can bring more benefits on signal SNR improvement and interference mitigation. Along with the attractive merits, CJT also poses higher requirements on the accuracy of CSI. Based on the channel information obtained, the precoders at the coordinated cells should be able to make the phase of received signals from coordinated cells constructive. 
However, for TDD system, limited by protocol constraints and implementation challenges, the SRS may suffer from more severe interference under possible CJT SRS measurement hypothesis. The SRS measurement hypothesis mainly contains following aspects:
· Only one SRS resource set for DL CSI per UE is allocated by the serving cell.
Considering the great challenge of optimal SRS allocation among all the cells, it is assumed that the SRS is only allocated by the serving cell. Furthermore, taking the limited SRS resource into account, it is assumed that the serving cell only allocates one SRS resource set for DL CSI to a served UE.
As shown in Figure 1, it is assumed that TRP1 is the serving cell of UE1 and TRP2 is the serving cell of UE2 as well as the coordinated cell of UE1. The SRS1 is allocated by TRP1 and the SRS2 is allocated by TRP2. There exists certain probability that the SRS1 and SRS2 occupy the same physical resource (in terms of time, frequency and cyclic shift).
· SRS power control is performed by the serving cell.
It is also assumed that the PL RS of serving cell is used for the SRS power control. Using the PL RS of the coordinated cell to improve the SRS power may be an inefficient way. For example, as shown in Figure 1, PL RS from TRP2 can be used for the power control of SRS1. Since SRS3 is transmitted by UE3 that served by TRP3 and coordinated by TRP1, increasing the transmission power of SRS1 will cause stronger interference to SRS3. Furthermore, as UE1 is cell-edge UE, the power may already reach Pcmax and there is no room for further power promotion. 
Consequently, as shown in Figure 1, the SRS resource allocated to UE1 and UE2 served by different cells may occupy the same physical resource. Considering the distance difference between UE1 and UE2, from the view of TRP2, SRS2 may cause pretty large interference to SRS1.
[image: ]
Figure 1. Illustration of SRS interference issue for CJT scenario

The system-level simulation is conducted following the above consideration. During the system-level simulation, the UEs belonging to the same serving cell will use SRS resource occupying orthogonal physical resource (in terms of time, frequency and cyclic shift), while considering that cells may allocate SRS resource for the served UEs independently, the UEs belonging to different serving cells may use SRS resource occupying the same physical resource. The coordinated cells in a coordination set are selected based on the RSRP gap between the coordinated cells and the serving cell. DFT-based real SRS channel estimation is performed. 
The MSE performance of the SRS channel estimation executed by serving cell and coordinated cell(s) is shown in Figure 2. It can be obviously observed in Figure 2 that there exists a large gap between the channel estimation performance of serving cell and coordinated cell(s). Due to the inaccurate channel information, the performance of CJT will be severely impacted.
To further verify the performance loss of CJT caused by SRS interference, the performance of the following three schemes are compared in Figure 3:
A. CJT with colored SRS interference: Actual SRS interference is modeled.
B. CJT with whitened SRS interference: Idealized interference whitening effects are assumed. The SRS interference after LS estimation is modeled as noise random variable with the same power.
C. CJT without SRS interference: SRS are ideally free of interference through fully-orthogonal physical resources allocation. This can be considered as an upper bound for CJT performance.
Figure 3 shows that there exist large performance gap between scheme A and scheme C (about 50%), which means significant performance gain can be expected by proper interference management. 
[image: ]
Figure 2. MSE performance of SRS channel estimation for serving cell and coordinate cell


Figure 3. Performance of CJT with real SRS channel estimation for different schemes

[bookmark: _GoBack]Observation 1: Significant performance gain can be expected under CJT scenario if the SRS interference can be properly handled.
Based on the analysis and simulation above, we have the following proposal:
Proposal 1: Support SRS enhancement to manage inter-TRP cross-SRS interference for CJT.

In our view, two candidate directions can be considered to manage the SRS interference under CJT scenario:
· If multiple cells have the capability of coordinated SRS resource allocation, an effective method to manage the SRS interference is to jointly perform orthogonal SRS resource allocation for UEs. Considering the limited available orthogonal SRS resource, capacity enhancement can be considered. 
· In practical, coordinated orthogonal SRS resource allocation can generally be implemented only in a few adjacent cells. One reason is that the total number of physical resource is not infinite, which means the coordinated orthogonal SRS resource allocation will become invalid when the cell number is large enough; the other is that designing an effective coordinated orthogonal SRS resource allocation algorithm is very challenging in terms of complexity. If multiple cells cannot perform coordinated SRS resource allocation well, or if the SRS interference is caused by UEs served by cells outside the coordination set, other  SRS interference management methods such as SRS interference randomization need to be considered. By this means the SRS interference can be whitened and the strong interference can be mitigated. As shown in Figure 3, idealized interference randomization results in a performance gain of up to 28%. 
Further discussions about the two candidate directions are provided in section 2.2 and 2.3.  

SRS interference randomization
In current NR spec, some methods have already been supported to randomize the SRS interference, i.e., group hopping and sequence hopping. However, these two methods only have quite limited interference randomization effect under CJT scenario. 
[bookmark: OLE_LINK6]For the group hopping, there are only 30 sequence groups in total and every UE will select one of the sequence groups per SRS transmission. It is possible that the same group is used in both of the serving cell and the neighbor cell, which will cause serious interference. The collision probability is analyzed in the typical network with 7*3 cells as shown in Figure 4, where Cell 0 is considered as the serving cell and the neighbouring 6 cells are considered as the cells whose UE may cause strong SRS interference to the serving cell. 
[image: ]
Figure 4. Illustration of SRS sequence group collision in network with 7*3 cells

The sequence group collision probability between the serving cell and neighbouring cells is given in Table 1. When the same sequence group is used for serving cell and at least one neighbouring cell in at least one symbol of SRS transmission, it is counted as a collision. It can be observed that the collision probability increases with the increase of the neighbouring cell amount, which is up to 18.41%. Considering the SRS repetition, the collision probability is further increased, which is up to 55.68% for 4-times repetition.

[bookmark: _Ref54207875]Table 1. Collision probability of sequence group for group hopping in current spec
	Total neighbouring Cell Number
	1
	2
	3
	4
	5
	6

	No Repetition
	3.33%
	6.56%
	9.67%
	12.68%
	15.59%
	18.41%

	2-times Repetition
	6.56%
	12.68%
	18.41%
	23.75%
	28.75%
	33.42%

	4-times Repetition
	12.68%
	23.75%
	33.42%
	41.87%
	49.24%
	55.68%


Note that, the collision may cause much stronger interference under CJT scenario. As shown in Figure 1, if SRS1 and SRS2 use the same sequence group, SRS2 will cause a very strong interference to SRS1 at the TRP2 side, which will bring disastrous influence to the channel estimation performance of SRS1. 
For the sequence hopping, different cells can always use different sequence groups, every UE randomly selects one sequence from the sequence group per slot per symbol to obtain the interference randomization effect. However, since a sequence group only contains two sequences, the interference cannot be randomized well, especially for the case where repetition factor is 4. 
For example, as shown in Figure 5, sequence group #a and sequence group #b are used for UE1 from cell-1 and UE2 from cell-2 respectively. The same level of interference happens in symbol-10 and symbol-12 for both UE. Such mechanism cannot provide much performance gain under CJT scenario with relatively large interference. 
[image: C:\Users\g00435124\AppData\Roaming\eSpace_Desktop\UserData\g00435124\imagefiles\D5A2BD56-7438-49F5-A756-BBE3AF5DC853.png]
[bookmark: _Ref54208475]Figure 5. Illustration of SRS sequence hopping during SRS transmission

From above analysis, it can be seen that neither the group hopping nor the sequence hopping is able to randomize the interference well. As shown in Figure 6, the benefit achieved by group hopping and sequence hopping are about 4% and 8% respectively under CJT scenario.

Figure 6. Performance of different interference randomization schemes
 
Observation 2: Neither the group hopping nor the sequence hopping is able to provide enough performance gain under CJT scenario.
In order to reach better randomization effect, interference randomization in other dimensions should be considered in Rel-18. For example, CS hopping is a potential direction that can be considered. As shown in Figure 7, the CS value used for SRS1 and SRS2 hops in different SRS transmission occasions. By this means, SRS2 will cause different-level interference to SRS1 at the TRP2 side in different SRS transmission occasions. If proper time domain filtering is performed, the interference can be seen as whitened. The performance of proposed CS hopping is also presented in Figure 6. Compared with the group hopping and sequence hopping, it is obvious that CS hopping can achieve much more performance gain.
[image: ]
Figure 7. Illustration of a candidate interference randomization scheme

Based on the analysis and simulation above, we have the following proposal:
Proposal 2: Interference randomization enhancement should be supported in R18, e.g., CS hopping. 

SRS capacity enhancement
As discussed in section 2.1, for the cells having the capability of coordinated SRS resource allocation, an effective method to manage the SRS interference is to jointly perform orthogonal SRS resource allocation for UEs. By this means, the available orthogonal SRS resource for each cell is reduced, which should be compensated by SRS capacity enhancement. Furthermore, following factors also call for SRS capacity enhancement:
· CJT has higher requirements on CSI precision. Sufficient SRS density in both frequency and time domain are required to guarantee the CSI precision. Low density in frequency domain will lead to poor SRS channel estimation accuracy, while low density in time domain will bring channel aging problem. As shown in Figure 8, the performance impact of channel aging under sTRP and CJT scenarios are evaluated. Significant performance loss can be observed for CJT with large SRS periodicity.
· CJT is mainly used to improve the user experience at the cell edge. Considering the coverage requirement, SRS repetition may be used, the resource consumption of which is multiplied.  
· If multiple SRS resource sets for DL CSI per UE is supported as SRS measurement hypothesis, the SRS resource consumption will further multiply.
· Further considering the UL enhancements for 8Tx UE, 8-port SRS need more resource.

Figure 8. Performance with different SRS periodicity in sTRP and CJT

Taking all the factors mentioned above into consideration, the SRS capacity enhancement is of great necessity. Figure 9 shows the CJT performance gain under three times SRS capacity. Considering that the TRPs contained in the coordination set are usually adjacent TRPs, a simple and efficient coordinated SRS resource allocation is performed in the simulation, where the orthogonal SRS resource is allocated for the UEs in adjacent 3 cells, while the SRS interference from other cells still exists. Owing to the three times SRS capacity, the SRS periodicity remains unchanged. As can be seen in Figure 9, more than 25% gain can be achieved. Greater performance gain can be expected if more advanced coordinated SRS resource allocation algorithm is considered.
In Rel-17, partial SRS is introduced to improve the SRS capacity in frequency domain. Considering that CJT is more sensitive to the accuracy of channel information, other dimensions for SRS capacity enhancement can be considered in Rel-18. One potential direction is to reduce the SRS overhead through beamformed SRS. In current spec, the total port number of SRS for DL CSI acquisition is the same as the number of UE receiving antennas. If the UE instead transmits a beamformed SRS and reports the applied beamformer to gNB for channel recovery, the SRS port number can be reduced to the PDSCH layer number. Under the MU-MIMO scenario, which is the target scenario for CJT, the PDSCH layer number is mainly 1 or 2, so the SRS port number for a 2T4R UE can be reduced from 4 to 1 or 2. By this means the SRS capacity is effectively improved.


Figure 9. Performance of SRS capacity enhancement to mitigate interference

Based on the analysis and simulation above, we have the following proposal:
Proposal 3: SRS capacity enhancement should be supported in R18, e.g., capacity enhancement in spatial domain.

3 SRS design for 8Tx UL MIMO
Another scope of this contribution is about SRS enhancement for 8Tx. In our view, at least for CB based PUSCH transmission, SRS resource(s) with 8 ports should be supported. In that case, the SRS resource(s) can be used for both DL/UL CSI acquisition. 
Potential SRS design for 8Tx UL transmission 
First of all, before we discuss the detailed solution for 8-port SRS design, some design principles need to be clarified. In current design, all the SRS ports within one SRS resource are allocated within the same OFDM symbol(s). However, the SRS ports may need to be distributed in multiple OFDM symbols to improve the SRS channel estimation performance under coverage-limited scenario. Furthermore, gNB has the flexibility to configure multiple SRS pattern (e.g., 2 or 4 ports per comb) according to different channel conditions in current spec, which should be retained when designing 8-port SRS. 
There are mainly two candidate directions in terms of 8-port SRS design. One is to directly design a 8-port SRS resource taking the design principles discussed above into consideration. In this way the support of distributing SRS ports in multiple OFDM symbols as well as the support of multiple SRS pattern should be considered. The other is to aggregate 2 4-port SRS resource to form a 8-port SRS resource, by which means the design principles discussed above are easily ensured.
Based on the analysis above, we have the following proposal:
Proposal 4: Distributing SRS ports in multiple OFDM symbols should be considered for 8-port SRS resource design for better performance of SRS channel estimation. 
Proposal 5: Multiple SRS pattern should be considered for 8-port SRS resource design.

4 Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this paper, SRS enhancement for CJT and 8Tx UL transmission is discussed. The following observations and proposals are made:
Observation 1: Significant performance gain can be expected under CJT scenario if the SRS interference can be properly handled.
Proposal 1: Support SRS enhancement to manage inter-TRP cross-SRS interference for CJT.
Observation 2: Neither the group hopping nor the sequence hopping is able to provide enough performance gain under CJT scenario.
Proposal 2: Interference randomization enhancement should be supported in R18, e.g., CS hopping. 
Proposal 3: SRS capacity enhancement should be supported in R18, e.g., capacity enhancement in spatial domain.
Proposal 4: Distributing SRS ports in multiple OFDM symbols should be considered for 8-port SRS resource design for better performance of SRS channel estimation. 
Proposal 5: Multiple SRS pattern should be considered for 8-port SRS resource design.

5 Appendix
Appendix A: System level simulation parameters for SRS enhancement 
Table 2 Simulation assumptions of SLS for SRS enhancement
	Parameter
	Value

	Duplex, Waveform
	TDD, OFDM

	Carrier Frequency
	3.5GHz

	Channel Model
	According to the TR 38.901

	Scenario
	Uma with 300 m ISD

	BS anatenna configuration
	(M, N, P, Mg, Ng; Mp, Np) =
 (8,4,2,1,1,4,8), (dH, dV) = (0.5, 0.8) 

	UE antenna configuration
	(M, N, P, Mg, Ng; Mp, Np) =
 (1,2,2,1,1,1,2), (dH, dV) = (0.5, 0.5) 

	BS Tx power
	46 dBm

	BS antenna height
	25 m

	Numerology
	30kHz SCS

	Scheduled Bandwidth
	5MHz

	MIMO scheme
	MU-MIMO with Rank 1-2 per UE 

	Traffic model
	FTP model 3 with packet size 0.5 Mbytes. 

	RU
	70%

	UE speed
	3 km/h

	UE receiver
	MMSE-IRC

	Network Layout
	7ⅹ3 cell, 4 UE per cell

	Precoding granularity
	2 RB

	Precoding method
	Distributed precoding method for CJT

	SRS period
	20ms/40ms/80ms for Figure 8 and 5ms for other figures

	SRS configuration
	2 Combs, 4 CSs, 25MHz
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DL performance for CJT with SRS channel estimation

SchemeA: Colored Interf.	
0.5	0.05	1	1	Scheme B: Whitened Interf.	
0.5	0.05	1.2887	1.6322000000000001	Scheme C: Orth. SRS w/o Interf.	
0.5	0.05	1.5153000000000001	2.0133999999999999	



Comparasion of different interference randomization mechanism in CJT scenario
SRS w/o seq. hopping or group hopping	
1	sequence hopping	
1.0409999999999999	group hopping	
1.0863	CS hopping	
1.1871	


DL performance for TDD sTRP and CJT with different SRS periodicity @50% UPT (3km/h) 
20ms	
sTRP operation	CJT operation	1	1	40ms	
sTRP operation	CJT operation	0.87	0.72629999999999995	80ms	
sTRP operation	CJT operation	0.79	0.62050000000000005	



DL performance for CJT with SRS capacity enhancement
w/o capacity enhancement	
50% UPT	5% UPT	1	1	w/ capacity enhancement	
50% UPT	5% UPT	1.2576000000000001	1.5640000000000001	
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