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1 Introduction
In RAN1#109-e, there are following agreements
Agreement#1 
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 signaling 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[image: cid:image001.png@01D86BDB.C85A2370] ,[image: cid:image002.png@01D86BDB.C85A2370] besides the last bandwidth[image: cid:image003.png@01D86BDB.C85A2370] 
· 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.

Agreement#2 
Consider the scenario where there exists SRSs sent by a UE and utilized by multiple TRPs for channel estimation, and the pathlosses between the UE and the TRPs differ by at least x dB in Rel-18 SRS study
· x can be {3,6,10}, and other values can be used.
Agreement#3
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)

Following we provide our views about SRS enhancement for CJT and 8Tx. 
2 SRS Enhancement for CJT
In this case, the UE transmits a SRS resource to multiple TRPs involved in downlink CJT transmission, then the gNB determines precoding for PDSCH/PDCCH with CJT transmission based on the received SRS resource. In order to determine the downlink CJT precoding based on SRS, each CJT TRP serving the UE should accurately receive SRS transmitted by the UE as shown in Figure 1.  UE2 should well transmit SRS to coordination cell TRP1 besides for the serving cell TRP2. TRP1 not only should accurately receive SRS from its serving cell UEs in yellow area, but also should accurately receive SRS from CJT UE whose CJT TRP includes TRP1, such as UE2.  That is TRP1 should accurately receive more UEs in the big area with the red dotted line than legacy in the yellow area. The uplink area of each TRP is extended.  Then SRS capacity enhancement is needed to allocate orthogonal SRS to the more UEs of each TRP and interference randomization enhancement is also needed to reduce inter-cell interference of SRS, for example to reduce the interference between SRS of UE 2 and UEs of TRP3. We provides methods for the two enhancement in section 2.1 and 2.2, respectively. 
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 Figure 1. Each CJT TRP of one CJT UE should accurately receive SRS transmitted by the CJT UE
2.1 SRS capacity enhancement 
For SRS capacity enhancement listed in above agreement #1, we provides our views/preference for these candidates as follows.
2.1.1 TD-OCC
To increase the total number of orthogonal SRS resources, TD-OCC can be adopted on SRS resource. In coherent JT, as a typical requirement, there are similar receive power(s) (e.g., RSRP gap is less than 6 dB) for each of coordinated TRPs, and then with high probability, the UE may be a cell-edge one. Consequently, for SRS transmission, for improving coverage or channel estimation accuracy, SRS time-domain repetition may be needed, and as a result, it may cost some more SRS overhead.  
So, in such case, TD-OCC can be used on the repetition symbols in order to improve the SRS capacity. That is, different TD-OCC indexes can be configured for different SRS ports performing repetition. The different SRS ports multiplexed by TD-OCC can be from one UE or different UEs. If the length of TD-OCC length is 4, the capacity can be 4 times of legacy capacity.  For example, the SRS repetition factor is 4, the four OFDM symbols includes X SRS ports using different CSs or combs before, but the four OFDM symbols can include X*4 SRS ports using different CSs, combs and TD-OCC indexes now. In a word, gNB only allocates one SRS port to one CS in one comb on the multiple repetition OFDM symbols before, but now gNB can allocate 4 SRS ports to one CS in one comb on the multiple repetition OFDM symbols and the 4 SRS ports is multiplexed by TD-OCC. gNB can allocate same CS and comb to multiple UEs with same repetition factor and allocate different CSs or different combs to multiple UEs with different repetition factors. Multiple SRS ports with same repetition factor, CS, and comb can be allocated with different TD-OCC indexes. 
Second, if two SRS ports from two UEs partial overlap in frequency domain, the two SRS ports can’t be allocated in same comb before, but now they can be in same comb and use different TD-OCC indexes. 
Third, if the delay spread is large, the performance of channel estimation of SRS ports using different CS is worse than the performance of channel estimation of SRS ports using different TD-OCC index as shown in Figure 2~4.  Different cyclic shifts can also be viewed as different FD-OCCs. Then larger the comb and the more cyclic shifts used, the longer the length of FD-OCC, so the performance of CS is worse than TD-OCC in this case.  The detail of simulation assumption can be found in Table 1 in appendix. 4 SRS ports are in two combs each of includes two of the four SRS ports in Figure 2-4.  
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 Figure 2. MSE comparison between TD-OCC and CS with different comb, and 4 ports in two combs
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Figure 3. BLER comparison between TD-OCC and CS with different comb, and 4 ports in two combs
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Figure 4. SE comparison between TD-OCC and CS with different comb, and 4 ports in two combs
Observation 1: Using TD-OCC, we can observe the following benefit:
·  SRS capacity can be increased to be the length of  TD-OCC times of the legacy capacity,
· gNB can allocate two SRS ports from two UEs with partial frequency overlapping in same comb,
·  Performance of channel estimation of SRS ports multiplexed by TD-OCC is better than  SRS ports using different cyclic shifts in case of large delay spread. . 
Proposal 1: SRS ports from one UE or different UEs multiplexed by TD-OCC should be supported to increase the capacity of SRS and channel estimation accurate of SRS 
2.1.2 Precoded SRS for DL CSI acquisition
Precoded SRS for DL CJT-CSI acquisition and NCB transmission can be adopted. The UE determines a downlink CJT channel based on multiple CSI-RS resources each of which corresponds to one TRP. The UE operates SVD for the downlink CJT channel, then the UE uses U of the SVD result as transmitting precoding of the SRS. The gNB receives the beam formed SRS and determines downlink CJT precoding matrix based on the received SRS. The beam formed SRS doesn’t impact gNB to determine CJT precoding matrix because the transmitting beam of the SRS, i.e U is determined by multiple CSI-RS resources. The U is the received beams of downlink CJT transmission.  In addition, the beam-formed SRS can also reduce interference and has better coverage.  
In Table 1, we provide our simulation result about precoded SRS.  The Alt 1 refers to CJT precoding based on H. Alt2 refers to CJT precoding based on  U(:,1:Rx)’H. H=UDV’ and Rx is the number of receiving antenna at UE side. Alt3 refers to CJT precoding based on  U(:,1:Rank)’H. Here we assume the transmitted power of each beam is one. We can see that the Alt3 has comparable performance as Alt 1, but Alt 3 has lower UE transmitted power. The parameter assumption of these simulation can be found in our contribution [2].   
Table 1. Comparison between non precoded SRS and precoded SRS, MU-MIMO and CJT
	Case
	 (Mbit/s), RU=30%

	
	mean
	5%
	50%
	95%

	Alt1
	180.38
(100%)
	 42.64
(100%)
	 165.27
(100%)
	 334.72
(100%)

	Alt 2
	170.89
(-5.3%)
	 41.13
(-3.5%)
	 155.40
(-6.0%)
	 334.72
(0.0%)

	Alt 3
	170.92
(-5.2%)
	 40.78
(-4.4)
	 155.85
(-5.7)
	 334.72
(0.0%) 


The beam of non codebook SRS also can be determined according to multiple CSI-RS resources. For example, the gNB configures multiple associated CSI-RS resources for a single NCB SRS set. 
Proposal 2: Precoded SRS can be transmitted with a UL precoding determined by multiple CSI-RS resources each corresponding to one of CJT TRPs
·  For example, multiple CSI-RS resources can be configured for determining UL precoding of one SRS resource for antenna switching, or multiple associated CSI-RS can be configured for a single non codebook SRS resource set. 
2.1.3 TRP common SRS
In last meeting, we discuss whether TRP common SRS or TRP specific SRS should be supported considering power imbalance between CJT TRP. 
First, we think that each CJT TRP should allocate orthogonal SRS ports to its target UE including its serving UE and its CJT UE.  The SRS from UE1 and UE 2 should be orthogonal if they need to be received by TRP1 on the same OFDM symbol as shown in Figure 1, so the power imbalance between SRS ports from UE1 and UE2 does not impact the channel estimation of these SRS ports at TRP1 side.
Observation 2: Each TRP should allocate orthogonal SRS ports to its target UEs including its serving UE and its CJT UE, so the power imbalance between SRS ports from serving UE and CJT UE at one TRP does not impact the channel estimation of the SRS ports. 
Second, compared with TRP common SRS, TRP specific SRS will cost more UE power and introduce more inter-cell SRS interference because the UE needs to transmit one SRS for each CJT TRP respectively, so the TRP common SRS should be first supported compared with TRP-specific SRS. 
[bookmark: _GoBack]To support one TRP common SRS resource to be accurately received by multiple coordinated TRPs simultaneously, the SRS power control enhancement should be considered. For example, the UE determines the Tx power of one single SRS resource, e.g., PL estimate, based on multiple downlink reference signals.  The PL can be the maximal PL among PLs of the multiple downlink reference signals, then it ensures that each CJT TRP can accurately receive the SRS and does not cause strong inter-cell interference because the receiving power of the TRP-common SRS at non serving TRPs is very slow, where the non serving TRP is not the CJT TRP and do not serves the UE.  We further provide the simulation result in Figure 5~6. From the results, we can see that the CJT TRP with lower RSRP can not accurately receive the TRP-common SRS if the power of the TRP-common SRS is not enhanced. 
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Figure 5.  MSE comparison for different power
[image: ]

Figure 6. BLER  comparison for different Tx power offset
Proposal 3: The TRP common SRS should be first supported compared with TRP-specific SRS to reduce the UE transmitted power and inter-cell interference of SRS. 
·  UL power control parameter (e.g., PL estimate) of one SRS resource can be determined based on multiple downlink reference resources each corresponding to one of CJT TRPs.
2.1.4 Partial frequency sounding extensions
First the partial frequency scaling factor ca be extended to more than 4. 



Second, partial frequency hopping on other bandwidths corresponding to , besides the last bandwidth  as show in Figure 7.  Only one of ten leaves at level 3 of one leaf at level 2 is sounded. Of course, it can also be supported more than one and less than ten leaves at level 3 of one leaf at level 2 can be sounded. 

                
Figure 7. Only one of ten leaves at level 3 of one leaf at level 2 is sounded
Proposal 4: Partial frequency sounding extensions should be supported
· 
E.g., larger partial frequency sounding factor, starting RB location hopping enhancements, only partial leaves at level b+1 of one leaf at level b is sounded ,.  
2.2 SRS randomization enhancement 
Regarding candidates for SRS interference randomization, the following can be considered:
· Using current group/sequence hopping formula, the collision pattern of SRS group/sequence will be same for each frame. For example, UE1 in cell 1 and UE2 in cell 2 will use same u in slot 5 and slot 8 by legacy group hopping formula, then UE1 and UE 2 will use same u in slot 5 and 8 in each frame. To support the SRS collision pattern can change while time domain index changes, the initialization value (C_init) for generating SRS sequence can be updated along with slot index/SRS-counter/frame index and introduce frame index in the group hopping/sequence hopping equation.  
· 
Then, in terms of SRS frequency domain resource, frequency hop pattern (involving hopping pattern, partial frequency hopping pattern, and comb offset) can be also updated in different hopping period which includes SRS transmission occasions. One example for randomization for SRS frequency hopping can be found in Figure 8. One hopping period includes 4 SRS transmission occasions in one slot as shown in Figure 10. We can see the hopping order of the four bandwidths can change in different hopping periods. Then it will avoid two SRS resources always collision.  For example SRS 1 in cell 1 and SRS 2 in cell 2 will collide in slot n, but they will not collide in slot n+T. 
· Besides, in order to achieve dynamic switching between CJT and STRP operation in a UE (for instance, a UE may fall back to STRP operation) and accommodate the case with both enhanced and legacy UE, we need to consider the dynamic switching between different modes for capacity enhancement and interference randomization by dynamically indicating for SRS related parameters.


Figure 8. SRS frequency hopping pattern changes on different frequency hopping periods.
Proposal 5: For interference randomization, as a starting point, we can consider the randomization for SRS transmission in terms of sequence, frequency and time domains.
· Dynamic switching between modes for capacity/interference randomization and legacy one should be considered in order to accommodate the case with both enhanced and legacy UE while switching between CJT and STRP operation.
· Sequence and frequency hop pattern should change along with time domain index changes to avoid that the collision pattern is same on each frame or on each hopping period.
3 SRS enhancement for 8 TX UL operation 
Another SRS enhancement is related to 8 TX UL operation. First, because each UE supporting 8Tx needs to transmit 8 SRS ports that is more than the number of SRS ports transmitted by legacy UE, all the SRS capacity enhancement and interference randomization enhancement adopted for SRS for CJT should also be allowed to used for SRS with 8 SRS ports. 
Proposal 6: SRS capacity and interference randomization enhancement is supported for 8Tx SRS.
Then, enhancement for the codebook SRS resource and the non codebook SRS resource should also be further considered. 
3.1 Enhancement for codebook SRS resource 
In current specification, only up to 4 SRS ports in one SRS resource are supported. In order to enable the 8-Tx UL operation, there are two candidates to support 8 SRS ports for 8 TX UL codebook based transmission. 
· Option-1: As for non-codebook transmission, SRI can indicate more than one SRS resources, e.g., from the same or different SRS resource set. 
· In such case, SRS configuration can be very flexible and then should be suitable for enabling partial coherent 8TX transmission. Specifically, we may need study whether we need to consider some configuration restriction, such as two SRS resources should be located in a same OFDM/same slot and no DL gaps between the two SRS resources within a period. 
· Besides, the definition of TPMI also needs to be refined for letting one TPMI correspond one SRS resource group indicated by SRI.   
· Option-2: Increasing the number of SRS ports in one SRS resource, i.e one SRS resource should include up to 8 SRS ports. Considering UE transmission power and scheduling flexibility, TDMed SRS ports in a single SRS resource (e.g., by different OFDM symbol groups) should be first supported. 
The Option-1 and Option-2 is similar except that TDM SRS ports correspond to different SRS resources in option 1 and TDM SRS ports is in one SRS resource in Option-2. Compared with Option-1, Option-2 needs less specification effort because Option-1 needs to specify how to map one TPMI/SRI to multiple SRS resources, and Option-2 also has lower signaling overhead because Option-1 needs to configure all parameters for each SRS resource and specify the configuration restriction between the multiple SRS resources, but Option-2 just need to configure partial parameters for each TDM SRS ports.  So we prefer Option-2. 
For both SRS ports in each SRS resource of option-1 and SRS ports in each OFDM group of Option -2, the following methods can be considered: 
· Candidate-A (CS-only): we may need to consider to increase the maximal CS(s) for each comb, especially for Comb-8, but it is not suitable for the case of large delay spread.
· Candidate-B (CS + Comb offset): As what we did before, allocating more combs to one SRS resource can be considered 
· Candidate-C (CS+TD-OCC): we need to support TD-OCC across different SRS ports.
· Candidate-D (TD-OCC-only): we need to support TD-OCC across different SRS ports especially in case of large delay spread.
Compared with Candidate-A, Candidate-C and Candidate-D is more suitable for the case of large delay spread. Compared with Candidate-B, Candidate-C and Candidate-D occupy less RE for the same number of SRS ports. So besides Candidate-A and B, Candidate-C and Candidate-D should also be adopted. 
Regarding the number of SRS resource sets for codebook, we think that one SRS resource set is supported for each time domain behavior. Multiple SRS resource sets are for different time domain behaviors. Then it allows the period of period SRS resource set can be longer and the gNB can schedule SP/AP SRS resource set on demand. 
Proposal 7: Regarding enhancement for codebook SRS resource in 8-TX UL operation, 8 SRS ports in one SRS resource should be supported because it needs less specification effort, lower configuration overhead and same flexibility compared with 8 SRS ports in more than one SRS resources 
· In such case, 8 SRS ports in multiple OFDM symbols with TDM should be supported considering UE transmission power and flexibility
· TD-OCC can be applied to SRS ports in each TDM SRS port group
· Multiple SRS resource sets for different time domain behaviors should be additionally considered with higher flexibility. 
3.2 Enhancement for non codebook SRS resource
For non-codebook based transmission to support up to 8-Tx, the number of SRS resources in an SRS set can be enhanced to 8. That would cause an 8-bit overhead of SRI field in DCI. In reality, such flexibility may not necessary. It may be possible to design SRI values with a lower overhead and can meet typical requirement, e.g., considering 8-Tx with more than one panel, like multiple panels/port groups in codebook based transmission. 
Proposal 8: Regarding non codebook transmission for 8-TX UL operation, the number of SRS resources in an SRS resource set can be enhanced to 8.
· Potential optimization for SRI re-design should be considered for saving DCI overhead, e.g., 8 bits or less
3.3 SRS enhancement for 8T8R antenna-switching
If 8 UL TX transmission is supported, then it is nature to support 8T8R antenna-switching. Then, we need to identify the candidate solution of achieve 8T8R antenna switching, such as:
· The support configuration of SRS resource(s) and SRS resource set(s), e.g., through a single or multiple SRS resource set, should be specified well. 
· Then, as a basic principle for antenna switching, SRS ports from different SRS resources in the same or different should be associated with different UE antenna port(s).
 Proposal 9: On 8-TX UL operation, antenna switching 8T8R should be supported.  
4 Conclusion
In this contribution, we provide our initial views on Rel-18 SRS enhancement. Observations/ Proposals are listed as follows.
Observation 1: Using TD-OCC, we can observe the following benefit:
·  SRS capacity can be increased to be the length of  TD-OCC times of the legacy capacity,
· gNB can allocate two SRS ports from two UEs with partial frequency overlapping in same comb,
·  Performance of channel estimation of SRS ports multiplexed by TD-OCC is better than  SRS ports using different cyclic shifts in case of large delay spread. . 
Observation 2: Each TRP should allocate orthogonal SRS ports to its target UEs including its serving UE and its CJT UE,, so the power imbalance between SRS ports from serving UE and CJT UE at one TRP does not impact the channel estimation of the SRS ports. 
Proposal 1: SRS ports from one UE or different UEs multiplexed by TD-OCC should be supported to increase the capacity of SRS and channel estimation accurate of SRS 
Proposal 2: Precoded SRS can be transmitted with a UL precoding determined by multiple CSI-RS resources each corresponding to one of CJT TRPs
·  For example, multiple CSI-RS resources can be configured for determining UL precoding of one SRS resource for antenna switching, or multiple associated CSI-RS can be configured for a single non codebook SRS resource set. 
Proposal 3: The TRP common SRS should be first supported compared with TRP-specific SRS to reduce the UE transmitted power and inter-cell interference of SRS. 
·  UL power control parameter (e.g., PL estimate) of one SRS resource can be determined based on multiple downlink reference resources each corresponding to one of CJT TRPs.
Proposal 4: Partial frequency sounding extensions should be supported
· 
E.g., larger partial frequency sounding factor, starting RB location hopping enhancements, only partial leaves at level b+1 of one leaf at level b is sounded ,.  
Proposal 5: For interference randomization, as a starting point, we can consider the randomization for SRS transmission in terms of sequence, frequency and time domains.
· Dynamic switching between modes for capacity/interference randomization and legacy one should be considered in order to accommodate the case with both enhanced and legacy UE while switching between CJT and STRP operation.
· Sequence and frequency hop pattern should change along with time domain index changes to avoid that the collision pattern is same on each frame or on each hopping period.
Proposal 6: SRS capacity and interference randomization enhancement also is needed for 8Tx SRS.
Proposal 7: Regarding enhancement for codebook SRS resource in 8-TX UL operation, 8 SRS ports in one SRS resource should be supported because it needs less specification effort, lower configuration overhead and same flexibility compared with 8 SRS ports in more than one SRS resources 
· In such case, 8 SRS ports in multiple OFDM symbols with TDM should be supported considering UE transmission power and flexibility
· TD-OCC can be applied to SRS ports in each TDM SRS port group
· Multiple SRS resource sets for different time domain behaviors should be additionally considered with higher flexibility. 
Proposal 8: Regarding non codebook transmission for 8-TX UL operation, the number of SRS resources in an SRS resource set can be enhanced to 8.
· Potential optimization for SRI re-design should be considered for saving DCI overhead, e.g., 8 bits or less
Proposal 9: On 8-TX UL operation, antenna switching 8T8R should be supported. .    
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6 Appendix
                                  Table 2: simulation assumption for TD-OCC
	Parameter
	Value

	Metric
	UL BLER and MSE

	Baseline
	Rel-15 SRS.

	Carrier frequency, SCS, System BW
	3.5GHz, 30kHz, 20MHz 


	Channel model
	TDL-A with 300ns for MU-MIMO 

	UE speed
	3km/h

	Number of UE antennas 
	 2T4R 

	Number of gNB antennas
	32T32R 

	UE antenna configuration
	omni as baseline

	PRB Number
	16

	SRS symbol
	{11,12,13,14}

	DMRS symbol
	{3,10}
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