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1 Introduction
In RAN1#110, the following agreements were reached
Agreement#1 
For an 8-port SRS resource in an SRS resource set with usage antennaSwitching (i.e., for 8T8R antenna switching), the 8-port SRS resource is transmitted in at least one OFDM symbol.
FFS: the resource transmitted in multiple OFDM symbols where different ports are mapped to different symbols.

Agreement#2
For SRS resource set(s) with usage ‘nonCodebook’ support 8 1-port SRS resources in one or multiple OFDM symbols. 
· Note: The maximum number of simultaneous SRS resources is determined via UE-capability signalling.

Agreement#3
For SRS resource set(s) with usage ‘nonCodebook’ support 8 1-port SRS resources in one or multiple OFDM symbols. 
· Note: The maximum number of simultaneous SRS resources is determined via UE-capability signalling.
Then, in the following section, we provide our views about SRS enhancement for CJT and 8Tx. 
2 SRS Enhancement for CJT
In this case, UE transmits a SRS resource to multiple TRPs involved in downlink CJT transmission, then 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 provide methods for the two enhancements in section 2.1 and 2.2, respectively.
In addition, because randomization can only average the SRS interference and can not reduce interference effectively as orthogonal SRS ports, SRS capacity enhancement is more important than randomization for CJT.
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 Figure 1 Each CJT TRP of one CJT UE should accurately receive SRS transmitted by the CJT UE
Proposal 1: SRS capacity enhancement is more important than randomization enhancement.
2.1 SRS capacity enhancement 
For SRS capacity enhancement, we provide our views/preference 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) 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 can only allocate 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.
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 assumes as different FD-OCCs in general. Then larger the comb and the more cyclic shifts used, the longer the length of FD-OCC. Therefore, 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. In our simulation, 4 SRS ports are in two combs each of which includes two of the four SRS ports. Simulation results is shown in Figure 2-4.   
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 Figure 2 MSE comparison between TD-OCC and CS, 4 ports in two combs and two SRS ports in each comb
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Figure 3 BLER comparison between TD-OCC and CS, 4 ports in two combs and two SRS ports in each comb
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Figure 4 SE comparison between TD-OCC and CS,4 ports in two combs and two SRS ports in each comb
Fourth, regarding collision between PUCCH/PUSCH and SRS, there are following two cases. 
· Case 1: Only partial SRS resources multiplexed by TD-OCC is dropped in partial OFDM symbols. As shown in    Figure 5, SRS 1 is replaced with PUSCH1, then PUSCH1 and SRS2 will be strong interference in OFDM1 same as Rel 15/16/17. This scheduling case should be avoided by gNB. 



Figure 5 Partial SRS resource multiplexed by TD-OCC is dropped in partial OFDM symbols
· Case 2: All SRS resources multiplexed by TD-OCC are dropped in same OFDM symbols, then the multiple SRS resources are transmitted on same number of OFDM symbols as shown in Figure 6. The multiple SRS resources can be transmitted using TD-OCC of another length, such as length 3. Of course, the SRS resource with original fourth TD-OCC [1, -1, -1, 1] can be dropped on all OFDM symbols. It does not impact the action of legacy UE. Its capacity is same or larger than legacy case. 



Figure 6 All SRS resources multiplexed by TD-OCC are dropped in same OFDM symbols
Fifth, because SRS ports of legacy UE can be viewed as SRS ports with TD-OCC of all elements of ‘1’, SRS resources with new TD-OCC can be co-scheduled with legacy UE. There is no back-compatibility issue. 
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. 
· Legacy UE and new UE with new TD-OCC index can be co-scheduled on same comb. 
Proposal 2: SRS ports from one UE or different UEs multiplexed by TD-OCC should be supported to increase the capacity of SRS and channel estimation accuracy. 
2.1.2 TRP common SRS
Regarding comparison between TRP specific SRS and TRP common SRS, we have the following analysis.   
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 accurately 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 severe inter-cell SRS interference because the UE needs to transmit one SRS for each CJT TRP respectively. Therefore, the TRP common SRS should be first supported compared with TRP-specific SRS. 
Third, if different TRP-specific SRS resources are transmitted with different powers, gNB can not calculate the downlink CJT precoding without information about the relative transmission power ratio among these TRP-Specific SRS resources. Even though the gNB knows all the configuration of these TRP specific SRS resources, the gNB still does NOT know the path-loss difference among different TRP-Specific SRS resources, which means that the actual transmitted power difference is not know by the gNB unless UE reports it. 
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 low, when the non serving TRP is not the CJT TRP and do not serves the UE. We further provide the simulation result in Figure 7~8. 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 7  MSE comparison for different power
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Figure 8 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, inter-cell interference of SRS and ensure downlink CJT precoding performance without any additional reporting from UE (e.g., exact Tx power). 
·  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.
2.2 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 9. One hopping period includes 4 SRS transmission occasions in one slot as shown in Figure 9. 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. For example, the  is indicated by DCI.
· 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. 
· Regarding CS hopping, because the group hopping and sequence hopping has been supported, the CS hopping is to solve the problem when group happens to be same.  If both CS and comb hopping are supported, one new SRS ports may hop among all combs and CS, then the issue of co-scheduling between legacy UE and new UE should be considered. For example, only one of CS and comb hopping is supported. 


Figure 9. SRS frequency hopping pattern changes on different frequency hopping periods.
Proposal 4: 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.
· Sequence and frequency hopping pattern should change along with frame index to avoid that the collision pattern is same on each frame.
· FFS: How to handle the issue of co-scheduling between legacy UE and new UE if both CS and comb hopping are supported
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 5: SRS capacity and interference randomization enhancement supported in CJT part is supported for 8Tx SRS.
Then, enhancement for the codebook SRS resource and the non-codebook SRS resource should also be further considered. 
First, in current specification, the total number of nodebook/non-codebook set is only one for one TRP across all time domain behaviour such as aperiodic, periodic and semi-persistent SRS. It has lower flexibility compared with antenna switching SRS. Then the periodicity of SRS of non-codebook and codebook should be unnecessary short because the gNB can not schedule one additional aperiodic non-codebook SRS set/ codebook SRS set besides one periodic/semi periodic set on demand. It leads unnecessary UE power consumption especially for 8 Tx. Then we support more than one SRS codebook/non-codebook sets with different time domain behaviour can be configured simultaneously link P/SP+AP SRS for antenna switching.
Proposal 6: Regarding CB/NCB, more than one SRS resource sets with different time-domain behaviors can be configured simultaneously (e.g., P/SP + AP, like antenna switching).
3.1 Enhancement for codebook SRS resource 
For 8 Tx for codebook, there is some discussion about the number of SRS resources including the 8 TX. If 8 SRS ports is in more than one SRS resources, then it needs to specify how to map one TPMI/SRI to multiple SRS resources, configure all parameters for each SRS resource and specify the configuration restriction between the multiple SRS resources. In addition, it is unnecessary to support different SRS ports of 8 SRS ports in different OFDM symbols or different slots, otherwise it needs additional time gap to allow the UE to switch between power off and on for different SRS port groups as shown in Figure 10 which is Figure 6.3.3.2-1 in 38.101[3], that is it needs additional time gap such as one OFDM symbol as antenna switching. Therefore, we support 8 SRS ports in one SRS resource. 
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                       Figure 10: General on/off time gap for NR UL transmission in FR1
Compared with TDM 8 SRS ports, TD-OCC can improve the SINR and also avoid above time gap as shown in Figure 10. For 8 SRS ports in one SRS resource and has same power boosting.  Then 8 TDM SRS ports is not needed. 
Regarding SRS ports in one SRS resource, 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 in repetition case. Therefore, besides Candidate-B, Candidate-C and Candidate-D should also be supported. 
Observation 3: Compared with 8 TDM SRS ports, TD-OCC can improve the SINR, avoid additional time gap to switch different SRS port groups and has same power boosting efficiency
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 considering 8 TDM SRS ports unnecessary
· TD-OCC can be supported especially in large delay spread case and repetition case. 
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
8 UL Tx in one SRS resource has been agreed. 8 UL Tx can in one OFDM symbol. It also can be in multiple OFDM symbols due to the power issue, large delay case, cell edge UE and limited comb and CS resources, otherwise it should be limited that the repetition is not enabled for 8 SRS ports of antenna switching.  It is unnecessary and leads lower scheduling flexibility. 
 Proposal 9: Support 8 SRS ports in one SRS resource for antenna-switching in one more than one OFDM symbols.  
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. 
· Legacy UE and new UE with new TD-OCC index can be co-scheduled on same comb. 
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. 
Observation 3: Compared with 8 TDM SRS ports, TD-OCC can improve the SINR, avoid additional time gap to switch different SRS port groups and has same power boosting efficiency.
Proposal 1: SRS capacity enhancement is more important than randomization enhancement.
Proposal 2: 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. 
[bookmark: _GoBack]Proposal 3: The TRP common SRS should be first supported compared with TRP-specific SRS to reduce the UE transmitted power, inter-cell interference of SRS and ensure gNB get downlink CJT precoding without reporting from UE. 
·  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: 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 frame index to avoid that the collision pattern is same on each frame.
· How to handle the issue of co-scheduling between legacy UE and new UE if both CS and comb hopping are supported
Proposal 6: Regarding CB/NCB, more than one SRS resource sets with different time-domain behaviors can be configured simultaneously (e.g., P/SP + AP, like antenna switching).
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 considering 8 TDM SRS ports unnecessary
· TD-OCC can be supported especially in large delay spread case and repetition case. 
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: Support 8 SRS ports in one SRS resource for antenna-switching in one more than one OFDM symbols.
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6 Appendix
                                  Table 1: 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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