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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1# 102e [1], the evaluation assumptions and potential enhancements were discussed and agreed. The potential enhancements include flexibility of aperiodic SRS triggering, supporting more types of antenna switching, and enhancements on SRS capacity/coverage. 
In this contribution, we provided evaluation results and analysis on the potential enhancements.  
[bookmark: _Ref129681832]Enhancement on aperiodic SRS triggering
Flexible aperiodic SRS triggering offset
In NR Rel-15, aperiodic SRS is specified to acquire in-time UL/DL CSI. However the triggering mechanism is not flexible enough with only one slotOffset configured by RRC. In last meeting, three alternatives for flexible aperiodic SRS triggering were proposed. 
	Agreement
Enhance the determination of aperiodic SRS triggering offset, with at least one of the following alternatives
· Alt 1: Delay the SRS transmission to an available slot later than the triggering offset defined in current specification, including possible re-definition of the triggering offset
· Alt 2: Indicate triggering offset in DCI explicitly or implicitly
· Alt 3: Update triggering offset in MAC CE
Further consideration aspects may include the cost v.s. the total combinations PDCCH and SRS locations for gNB to choose, DCI overhead, multi-UE SRS multiplexing, CA aspect, whether to have multiple opportunities to transmit SRS, etc.


A straightforward way among three alternatives is indicating triggering offset by DCI explicitly or implicitly, i.e., Alt 2. However for the explicit way, to support sufficient flexibility, 3 bits are needed to indicate slotOffset from 0 to 7, considering 8:2 DL-UL slot configuration in TDD. The SRS field is only with 2 bits (3 bits for SUL case) in current spec for multiple usages. To simply increase the aperiodic SRS triggering bits to support flexible configuration will increase DCI overhead. 
[bookmark: OLE_LINK1]To indicate triggering offset in DCI but without DCI overhead increasing, some solutions with implicit indication were proposed. For example, gNB can configure a list of slotoffset for each aperiodic SRS resource set by RRC, and SRS field in DCI is used to indicate both SRS resource set and slotoffset. As we mentioned above, 3 bits are needed to indicate slot offset form 0 to 7, but SRS field is only with 2 bits (3 bits for SUL case) which is not enough to support sufficient flexibility. Another solution with implicit indication is reusing some fields for data scheduling to indicate slotoffset when SRS is triggered without data scheduling. But when SRS is triggered with data scheduling, no field can be reused.
Alt 3 is to update SRS triggering offset with MAC CE. However, with Alt 3, gNB need to update triggering offset by MAC CE first before sending DCI when gNB intend to trigger SRS transmission, which introduce delay for triggering. Aperiodic SRS is mainly used to acquire in-time UL/DL CSI when burst traffic arrives. However, MAC-CE based triggering is mainly to active/de-active semi-persistent reference signals, which is not proper for aperiodic SRS triggering. 
Compared to Alt 2 and Alt 3, Alt 1 with re-define the triggering offset seems a more efficient way, where there is more flexible for aperiodic SRS triggering and no DCI overhead increasing. For Alt 1, actually, there are two sub-solutions, i.e., 
Alt 1-1: to delay the triggering slot in the nearest available slot later than the triggering offset.    
Alt 1-2: to re-define the slot offset where downlink slot is not counted.
For Alt 1-1, if gNB want to trigger AP-SRS in the S slot, the possible DCI locations are shown in upper part of Table 1 in the case of DL:UL = 4:1. When slotoffset = 0, there are 4 slots can be used for the DCI triggering as shown in Table 1.  When slotoffset = 1, there are 3 slots can be used for the DCI triggering as shown in Table 1. However, if gNB want to trigger AP-SRS in the U slot, the possible DCI locations are shown in lower part of Table 1.  When slotoffset = 1 or 2 or 3, only 1 slot can be used for the DCI triggering as shown in Table 1. So, the triggering flexibility is still limited.
[bookmark: _Ref54207668]Table 1. Possible positions of the triggering DCI in Alt 1-1
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For Alt 1-2, slotOffset = k-1 can be re-defined as the k-th nearest available slot that can be used for SRS transmission (the values of slotOffset is from 0), while D slots (not available for SRS transmission) are not counted in slot-offset. Table 2 shows the possible positions of triggering DCI for this solution. if gNB intend to triggering SRS at slot S, gNB can send triggering DCI at any D slot and S slot with slotOffset = 0, and if gNB intend to triggering SRS at slot U, gNB can send triggering DCI at any D slot and S slot with slotOffset = 1. With the re-definition, there is no DCI overhead increasing and gNB can trigger a UE to transmit SRS easily in the slot when DL traffic arrived and PDCCH is not congested
[bookmark: _Ref54207800]Table 2. Possible positions of the triggering DCI in Alt 1-2
	
	SlotOffset
	D
	D
	D
	S
	U

	Transmit SRS in S slot
	0
	DCI
	DCI
	DCI
	DCI
	

	Transmit SRS in U slot
	1
	DCI
	DCI
	DCI
	DCI
	


Based on above analysis, we propose: 
Proposal 1: For aperiodic SRS triggering, Alt.1-2 is preferred, i.e., redefine the slotOffset = k-1 as the k-th nearest available slot for SRS transmission, while downlink slots are not counted in slot offset.
Enhancements on DCI format for SRS triggering
In NR Rel-16, AP-SRS can be triggered by DCI format 1_1 or DCI format 0_1. But for DCI format 0_1, gNB can’t trigger SRS without data scheduling and CSI request. Based on the discussion in last meeting, at least one of DCI format for aperiodic SRS triggering will be enhanced to support flexible aperiodic SRS triggering.
	Agreement
Study the following two alternatives in the scope to enhance at least one DCI format for aperiodic SRS triggering 
· Alt 1: Use UE-specific DCI, e.g., extending DCI 0_1 without uplink data and without CSI
· Alt 2: Use group-common DCI, e.g., extending DCI 2_3 for cases other than carrier switching
· Further consideration aspects may include simultaneous or CC-specific SRS triggering for multiple CCs, dynamic indication of SRS frequency resources, etc..


In the practical network, such restriction may waste UL resource, since gNB may trigger SRS before UL or DL scheduling. So, at least DCI format 0_1 can be enhanced for support aperiodic SRS triggering without data scheduling and CSI request. For DCI format 2_3, it is for SRS carrier switching, whether it is necessary to enhance need to be more discussion. Therefore, we propose:
Proposal 2: Support to trigger SRS for DCI format 0_1 without data scheduling and CSI request.
On SRS antenna switching
For SRS antenna switching, based on the discussion in last meeting, we have the following agreement:
	Agreement
For SRS antenna switching up to 8Rx, study the configuration of {1T6R, 1T8R, 2T6R, 2T8R, 4T6R, 4T8R}.
Study points may include CSI latency, performance considering aspects like insertion loss, use cases, antenna structure, UE power saving, SRS resource configuration, etc..


6Rx and 8Rx are generally for the CPE related scenarios due to so much antennas equipped on a UE. In such scenarios, 2Tx and 4Tx equipped on a CPE are general cases in our understanding, while 2Tx are already used in C-Band mobile UEs. Whether 1Tx for the case 6Rx and 8Rx for the UE/CPE, it may happen in some cases for low capability UEs, but not the general cases, while the insertion loss is also a problem when so much switching happens for such cases. Thus, for 6Rx and 8Rx, 2Tx and 4Tx should be considered with priority. By the way, for the case of 4T6R, the mapping for antennas between Tx and Rx during the antenna switching is still not clear. So, we do not think the case of 4T6R should be prioritized in Rel-17.
Then, in the following, we discuss the solutions for antenna switching. For 2T8R, switching mechanism can follow 1T4R, i.e., four SRS resources in total are configured to be transmitted in different symbols, where each SRS resource consisting of two SRS ports. Taking the guard period into account, 2T8R switching requires at least 7 symbols while currently only up to 6 symbols in one slot can be allocated for SRS transmission. Allocating 2 aperiodic SRS resource sets or 1 periodic SRS resource set in 2 slots is needed for 2T8R to obtain full CSI, which will introduce extra delay. Consequently, 4T8R can be introduced to avoid inter-slot SRS antenna switching. 
For 2T6R, three SRS resources are needed and it is feasible to configure three symbols for SRS resources and 2 symbols for guard period within one slot. For 4T6R, it is still not clear for the antenna structure and physical antennas mapping, e.g., 4 antennas are with connected with RF chains, but only 2 antennas are with switches or 4 antennas are with 4 switches? If only with 2 switches, how to handle different insertion loss for different antennas. If with 4 switches, how to switching the antennas for SRS transmission? Before we discuss the antenna switching schemes, we need to more study on these issues.
[bookmark: OLE_LINK2][bookmark: OLE_LINK5]Proposal 3: Support 2T6R, 2T8R and 4T8R SRS antenna switching with higher priority in Rel-17.
As analyzed above, in the case that aperiodic SRS is used to maintain in-time CSI measurement, inter-slot SRS antenna switching may introduce extra delay. One straightforward solution is to extend the number of SRS symbols in a slot, at least more than 6 symbols for SRS antenna switching.
[bookmark: _GoBack]Proposal 4: Support more than six OFDM symbols for SRS transmission in a slot.
With the assumption of extending the number of SRS symbols in a slot to 14, antenna switching can be finished within one slot for both 1T4R and 2T8R. Taking 2T8R for instance, up to two SRS resource sets with different values for resourceType can be configured, where each set has 4 SRS resources transmitted in different symbols, each SRS resource in a given set consisting of two SRS ports.
On SRS overhead reduction
SRS resource sharing between SRS resource sets with usage “codebook” and “antenna switching” is an efficient way to reduce the SRS overhead. In last meeting, there is an agreement achieved:
	Agreement
For SRS overhead reduction, study reusing same resources among multiple usages, at least for “codebook” and “antenna switching”. Study aspects include
· Whether implementation approach based on legacy SRS configuration is sufficient
· If not, and if there are benefits other than RRC overhead reduction, study further on the case that antenna switching and PUSCH have different number of Tx antennas, whether UL BWP for different SRS usages is the same or different, whether and how to ensure UE to use same virtualization, the set of applicable usages, UE implementation complexity and overhead, etc..


For the case that antenna switching and PUSCH have same Tx antennas, it is already supported by Rel-15 by implementation method. For example, if UE is configured with 2T4R, gNB can configure two resources with two ports, a SRS resource set with usage “codebook” include first resource and a SRS resource set with usage “antenna switching” include both of the resources, as shown in Figure 1. By this configuration, the first resource is shared by two sets with different usage.
[image: ]
[bookmark: _Ref54208283]Figure 1. RRC configuration for SRS resource sharing with same antenna number
For the case that antenna switching and PUSCH have different number of Tx antennas, another implementation method can be used. As shown in Figure 2, if antenna switching is 2T4R and PUSCH is 1T for UE, gNB can configure three SRS resources. The port in resource 0 have same parameter (comb, sequence, symbol, frequency position and hopping pattern etc.) with the first port in resource 1. SRS resource set with usage “codebook” include resource 0 and  SRS resource set with usage “antenna switching” include resources 1 and resource 2. In this case, UE will transmit 4 ports SRS, and the first port is used for both codebook based PUSCH transmission and SRS antenna switching.
[image: ]
[bookmark: _Ref54208330]Figure 2. RRC configuration for SRS resource sharing with different antenna number
Observation 1: SRS resource sharing between SRS resource sets with usage “codebook” and “antenna switching” can be supported by implementation approach with current spec.
On SRS capacity/coverage enhancement
In last meeting, enhancements on SRS capacity and coverage were discussed and achieve the following agreement:
	Agreement
For SRS coverage/capacity enhancements, evaluate and, if needed, specify one or more from three categories based on the following definition. 
· Class 1 (Time bundling): Utilize relationship among two or more occasions of one or more SRS resources in one or more slots to enable joint processing within time domain.
· Study aspects include the issue of phase discontinuity, interruption of SRS transmission by other UL signals, etc..
· Class 2 (Increase repetition): Change the legacy SRS pattern in one resource and one occasion from time domain by increasing SRS symbols for repetition. 
· Study aspects include to use TD-OCC to compensate the negative impact on SRS capacity, inter-cell interference randomization, whether these SRS symbols are in one slot or consecutive slots, etc..
· Class 3 (Partial frequency sounding): Support more flexibility on SRS frequency resources to allow SRS transmission on partial frequency resources within the legacy SRS frequency resources.
· Study aspects include the partial frequency resources are with RB level or subcarrier level (e.g., larger comb, partial bandwidth), PAPR issue, etc..


SRS time bundling
SRS time bundling may be beneficial for SRS coverage enhancement by performing joint channel estimation on adjacent SRS slots. However, there are at least two issues for SRS time bundling need to be addressed, where one is timing advance (TA) misalignment, and another one is port mapping.
The first issue is related to the start of the corresponding downlink frame of TA. R15/R16 only specifies that ‘Uplink frame number i for transmission from the UE shall start TA before the start of the corresponding downlink frame i at the UE’. It implies that the start of the corresponding downlink frame of TA can be adjusted by UE and the quantity of adjustment is not known to TRP. When such adjustment/jitter occurs during SRS transmission, it would cause joint channel estimation error due to the uncertainty of the time gap between two adjacent SRS slots. Therefore, it is necessary for UE to report adjustment quantity, which will be considered in joint channel estimation. Figure 3 shows how to use the reported adjustment t1 to determine the subsequent ‘start of corresponding DL frame’. As shown in Figure 3, the current ‘start of corresponding DL frame’ Ts1 is determined based on the following equation.
Ts1 = Ts0 + Tg1 + t1     (1)
where Ts0 denotes the start of the last corresponding downlink frame where the last adjustment report is applied, Tg1 for the time gap between two downlink frames, and t1 for the latest reported adjustment quantity of the start of corresponding downlink frame. 
[image: ]
[bookmark: _Ref54208350]Figure 3. Definition of start of corresponding downlink frame for TA to support SRS time bundling
In the following, we simulate the impact of TA misalignment based on the agreed evaluation assumptions.
[image: ]
[bookmark: _Ref54208383]Figure 4. Normalized downlink throughput comparison between channel estimation w/o bundling, with ideal bundling and with non-ideal bundling (i.e., TA jitter)
Given a TDD system, Figure 4 shows downlink throughput comparison between channel estimation w/o bundling, with ideal bundling and with non-ideal bundling (i.e., TA jitter), where x represents TA jitter range and Δf for the gap between SRS bandwidth and center frequency of SSB. The LLS assumptions for SRS time bundling is shown in Table 4 in Appendix. It is observed that ideal channel bundling can achieve around 5% performance gain over channel estimation w/o bundling. However, significant performance loss occurs when TA jitter is considered. The farther the SRS bandwidth is from center frequency (i.e., the larger Δf), the more performance degradation is. For example, there is an around 18% throughput loss for x = 0.1 and Δf = 40 MHz compared to channel estimation w/o bundling. To achieve the performance gain with SRS bundling, the TA misalignment should be addressed.
In addition to the phase distortion led by the aforementioned TA jitter, phase discontinuity between adjacent SRS transmissions led by non-ideal hardware factors, typically RF switch on/off, may also prevent SRS time bundling from achieving performance gain. These non-ideal hardware factors need to be mitigated in order to make SRS time bundling work properly.
Observation 2: The performance of SRS bounding is impacted significantly by TA misalignment, which should be addressed for SRS bundling. 
Another issue is that the correspondence between SRS ports and UE physical ports shall be the same mapping manner for the SRS slots for SRS time bundling. It assures joint channel estimation between SRS slots is performed on the same UE physical ports.
Proposal 5: Port mapping from physical antennas should be kept the same across SRS slots for SRS time bundling.
SRS repetitions
To improve coverage of SRS transmission, SRS repetition and configurable SRS hopping bandwidth are supported from Rel-15. These two methods can be used in conjunction with each other to achieve a trade-off between SRS periodicity and SRS coverage. 
In Rel-15, SRS can be repeated twice or four times, which can greatly increase the received power. In addition to increasing repetitions, reduced hopping bandwidth also can improve SNR for SRS with power boosting. In Figure 5(a), we show the different SRS repetition-hopping patterns, where pattern 1 is for 4-times repetition for SRS transmission, Pattern 2 is for 8-times SRS repetition (not supported yet), and Pattern 3 is for 4-times repetition and half bandwidth hopping. Then, in Figure 5(b), we show the performance for the three SRS repetition-hopping patterns. 
In the evaluation, the bandwidth is assumed as 48 RBs, where half bandwidth is 24 RBs per hop, and DL SINR is assumed as 9 dB higher than SRS SINR. Since the transmit bandwidth of pattern 3 is smaller than others, the power boosting is also considered in the simulation. The details of evaluation assumptions are shown in Table 5 in Appendix. 
[bookmark: OLE_LINK4]From Figure 5(b), it can be observed that increasing the number of repetitions (i.e., pattern 2) has the similar performance with reducing hopping bandwidth (i.e., pattern 3). However, increasing repetitions will result in SRS multiplexing capability reduction, i.e., multiplexing capacity of pattern 3 is two times over pattern 2. 
[image: ]
(a)
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(b)
[bookmark: _Ref54208409]Figure 5. Performance comparison for increasing repetitions and reducing hopping bandwidth
Observation 3: Increasing SRS repetitions has the similar performance with reducing hopping bandwidth, but SRS multiplexing capacity will decrease by increasing SRS repetitions.
During last meeting, TD-OCC is proposed for SRS repetition, to maintain the SRS multiplexing capacity while SRS repetition. However, the benefit of TD-OCC is not clear. Firstly, it requires the multiplexed UEs are configured with the same SRS repetition times to keep the same multiplexing capability, while the use case is very limited. In addition, according to the current spec, when SRS partially overlap with PUCCH, then the overlapped symbols of SRS may be dropped. Then the orthogonality of such truncated TD-OCC cannot be maintained. Moreover, the coverage enhancement can equivalently be enhanced by reducing the SRS sounding bandwidth, which does not reduce the SRS multiplexing capability at all. Therefore, whether to support TD-OCC for SRS repletion needs further discussion.
Observation 4: The benefit of introducing TD-OCC over SRS repetition is not clear yet.
As discussed above, only increasing the number of repetition of SRS transmission is not an efficient way to improve channel estimation accuracy. The interference (from e.g., neighbouring cell) increase as well if interfering UE also transmit SRS with repetition. Thus, reducing the inter-cell interference is more critical to guarantee the channel estimation performance during SRS repetition. One potential way to reduce the interference is randomizing the inter-cell interference for SRS transmissions.
[bookmark: OLE_LINK7][bookmark: OLE_LINK6]In current spec, SRS group/root-sequence hopping is supported by configuring groupOrSequenceHopping as 'groupHopping' or 'sequenceHopping', which aim to randomize interference. As there is only 30 sequence groups in total and every UE will select one sequence group from the 30 sequence groups per slot per symbol, there is certain probability that same sequence group is used in neighbouring cells which will cause serious interference. One example is shown in Figure 6. Sequence group hops between each symbol, and in symbol-12 the sequence group collides between UE1 from cell-1 and UE2 from cell-2.
[image: ]
[bookmark: _Ref54208446]Figure 6. Illustration of SRS group hopping during SRS transmission
In Table 3, we give the sequence group collision probability between the serving cell and neighbouring cell. When the same sequence group is used in at least one symbol of SRS transmission for serving cell and at least one neighbouring cell, we count it is a collision. It can be observed that, as the number of neighbouring cells and the times of repetition increases, the collision probability increases, which is up to 55.68%.
[bookmark: _Ref54207875]Table 3. Sequence group collision probability for group hopping
	Collision probability
	Total neighbouring Cell Number = 1
	Total neighbouring Cell Number = 2
	Total neighbouring Cell Number = 3
	Total neighbouring Cell Number = 4
	Total neighbouring Cell Number = 5
	Total neighbouring Cell Number = 6

	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%


For 'sequenceHopping', different cells use different sequence groups and in order to obtain the interference randomization effect, every UE will select one sequence from the sequence group per slot per symbol. However, there is only up to two sequences can be used for sequence hopping. The interference can be randomized well, especially for case where repetition factor is 4. 
One example for sequence hopping is shown in Figure 7. In each sequence group, there is 2 sequences. Sequence group#a and sequence group#b is used for UE1 from cell-1 and UE2 from cell-2 separately. The same interference happens in symbol-10 and symbol-13 for UE1 and UE2.
[image: ]
[bookmark: _Ref54208475]Figure 7. Illustration of SRS sequence hopping during SRS transmission
From above analysis, it can be seen that group hopping or sequence hopping can’t randomize the interference well. Therefore, how to randomize interference needs to be considered. One potential way is to support cyclic shift hopping during SRS repetition, i.e., root sequence remains the same but cyclic shift hops between different symbols. As shown in Figure 8, Sequence#a0 in sequence group#a and sequence#b0 in sequence group#b is used for UE1 from cell-1 and UE2 from cell-2, separately. CS hops between each symbol, which leads to different interference experience for symbol-10/11/12/13, then interference randomization gain can be obtained. 
[image: ]
[bookmark: _Ref54208497]Figure 8. SRS cyclic shift hopping
Figure 9 shows channel estimation performance of different hopping methods for SRS sequences, including CS hopping, Group hopping, Sequence hopping, and no hopping. In the simulation, 2 UEs whose SRS occupies the same time frequency resource and uses different root sequences are assumed to emulate the inter cell interference. Transmit power is same for 2 UEs and the SRS SNR is assumed as 0 dB. For the CS hopping case, CS hopping patterns are different for 2 UEs. The SRS repetition times is 2 and 4 for the left and right side of Figure 9, respectively. The detailed simulation assumptions are shown in Table 6 in Appendix. 
In Figure 9, CS hopping shows better performance than other cases thanks to the interference among different sequences can be randomized. For group hopping, since there is about 12.68% collision probability as shown in the analysis for the 2 UEs in the case of SRS with 4-times repetition. When the same sequence group is used in neighbouring cells, it will cause serious interference. As shown in Figure 9, there is obvious performance loss for case 2 in the range of 0.9 to 1. For sequence hopping, at most two sequence can be used for hopping which can’t randomize the interference well. Therefore, sequence hopping has 1.5dB~2dB performance loss compared to CS hopping for SRS with 4-times repetition.
 [image: ]  [image: ]
[bookmark: _Ref54208519]Figure 9. Chanel estimation performance of SRS CS/Group/Sequence/No hopping case
Proposal 6: For SRS repetition transmission, inter-cell interference randomization should be supported, such as cyclic shift hopping for SRS transmission.
Partial sounding across frequency
In last meeting, partial sounding with RB level and subcarrier level were proposed by companies. However, Partial sounding with subcarrier level, e.g., larger comb, can’t improve SRS capacity since larger comb will reduce the number of available orthogonal sequences. In fact, the total number of orthogonal SRS ports that can be multiplexed in a symbol is determined by the maximum delay spread of the channel no matter FDM(i.e., comb) or CDM(i.e., cyclic shift) is used. For example, if maximum delay spread is 1/16 of a symbol time, then maximum orthogonal SRS ports that can be multiplexed in a symbol is no larger than 16. The ports can be multiplexed by comb 2 + 8 CSs or comb 8 + 2 CSs. In the real network, in order to ensure the orthogonality, some orthogonal sequences need to be reserved to overcome imperfect uplink TA, available orthogonal port will be less than 16.
Partial sounding with RB level (shown in Case-3) can achieved similar pattern shown in SRS hopping Case-1 and Case-2 in Figure 10. Case-1 and Case-2 SRS hopping patterns are already supported in current spec. Case-1 SRS pattern is with 4 hops in a slot. Case-2 SRS pattern is with 2 hops in a slot but the total number of hops is 4. Case-3 SRS pattern is partial SRS with half SRS hopping bandwidth in each hop. For Case-2 and 3, interpolation need to be used for SRS channel estimation, and power boosting can be used for the Case-3 pattern for partial bandwidth SRS transmission.
[image: ]
[bookmark: _Ref54208556]Figure 10. comparison of legacy SRS and partial SRS
Figure 11 shows the performance of the three patterns, where the SRS hopping bandwidth is assumed as 24 RBs. For the partial SRS, power boosting is assumed. In the evaluation, the SRS overhead is assumed the same, so Case-2 and Case-3 is with half periodicity of Case-1. Other assumptions can be found in Table 7 in Appendix. As shown in Figure 11, Case-3 with partial SRS transmission, about 5~20% gain over the legacy SRS hopping transmission (for both Case-1 and Case-2). 
[image: ]
(a)
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(b)
[bookmark: _Ref54208576]Figure 11. Performance comparison of legacy SRS and partial SRS for 24RBs hopping bandwidth
Observation 5: Partial sounding can provide better performance than legacy SRS hopping for the case with 24 RBs SRS hopping bandwidth.
Above results show that partial sounding have better performance than legacy SRS with same overhead when bandwidth is 24 RBs per hop. In the Figure 12, we also show the performance comparison for the legacy SRS hopping and partial sounding transmission in the case of 4 RBs hopping bandwidth. It should be noticed, for 4 RBs hopping bandwidth, 3 slots and 4 symbols per slot are used to sounding the whole band , and the SRS periodicity(i.e., 30ms and 15ms) in the Figure 12 is equivalent periodicity (i.e., time span that SRS finish a complete frequency hopping). If with the same SRS overhead and SRS multiplexing capacity are assumed, the partial sounding is worse performance than legacy SRS for the case of PRG = 2, since the orthogonality between sequences with different cyclic shift may be broken duo to the low sampling rate in time domain. The performance gain of partial sounding only can be obtained with reducing the number of sequences (i.e., CSs).
[image: ]
(a)
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[bookmark: _Ref54208614]Figure 12. Performance comparison of legacy SRS and partial SRS for 4RBs hopping bandwidth
Observation 6: For small hopping bandwidth (such as 4 RBs), performance of partial sounding can be obtained with reducing SRS cyclic shift, but the multiplexing capacity will be reduced.
Proposal 7: For large SRS hopping bandwidth (more than 4 RBs), partial sounding on each hopping bandwidth can be supported.
Conclusion
In this contribution, we discussed the enhancements on SRS for Rel-17 and provide following proposals:
Proposal 1: For aperiodic SRS triggering, Alt.1-2 is preferred, i.e., redefine the slotOffset = k-1 as the k-th nearest available slot for SRS transmission, while downlink slots are not counted in slot offset.
Proposal 2: Support to trigger SRS for DCI format 0_1 without data scheduling and CSI request.
Proposal 3: Support 2T6R, 2T8R and 4T8R SRS antenna switching with higher priority in Rel-17.
Proposal 4: Support more than six OFDM symbols for SRS transmission in a slot.
Proposal 5: Port mapping from physical antennas should be kept the same across SRS slots for SRS time bundling.
Proposal 6: For SRS repetition transmission, inter-cell interference randomization should be supported, such as cyclic shift hopping for SRS transmission.
Proposal 7: For large SRS hopping bandwidth (more than 4 RBs), partial sounding on each hopping bandwidth can be supported.

And also with the following observations:
Observation 1: SRS resource sharing between SRS resource sets with usage “codebook” and “antenna switching” can be supported by implementation approach with current spec.
Observation 2: The performance of SRS bounding is impacted significantly by TA misalignment, which should be addressed for SRS bundling. 
Observation 3: Increasing SRS repetitions has the similar performance with reducing hopping bandwidth, but SRS multiplexing capacity will decrease by increasing SRS repetitions.
Observation 4: The benefit of introducing TD-OCC over SRS repetition is not clear yet.
Observation 5: Partial sounding can provide better performance than legacy SRS hopping for the case with 24 RBs SRS hopping bandwidth.
Observation 6: For small hopping bandwidth (such as 4 RBs), performance of partial sounding can be obtained with reducing SRS cyclic shift, but the multiplexing capacity will be reduced.
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Appendix
[bookmark: _Ref54207833]Table 4. LLS assumptions for SRS time bundling
	Setting Items
	Parameter Values

	Scheduled bandwidth
	50 RBs

	SRS comb
	2

	Carrier Freq
	3.5GHz

	SCS
	30K

	slot configuration
	DSUDD

	SRS period
	5ms

	channel
	CDL-B 300ns

	BS antenna
	64T64R (8,8,2,1,1,4,8), (dH,dV) = (0.5, 0.8)λ, +45°, -45° polarization

	UE antenna
	2T4R(1,2,2,1,1,1,2) with antenna switching, (dH,dV) = (0.5, 0.5)λ, +0°, 90° polarization

	UE speed
	3km/h

	UE number
	1

	MCS
	Adaptive

	Rank and precoder
	Adaptive

	PRG
	2 RBs

	SRS SNR
	-15dB

	PDSCH SNR
	-5dB

	Gap of scheduled bandwidth to center frequency Δf
	20MHz/40MHz

	Phase distortion by TA jitter
	uniform distribution [-pi*Δf*x/30.72e6, pi*Δf*x/30.72e6]
(x=0,0.1) 
Note: x=0 denotes ideal SRS time bundling



[bookmark: _Ref54207848]Table 5. LLS assumptions for Increased SRS repetitions evaluation
	Setting Items
	Parameter Values

	System bandwidth
	48 RBs

	SRS comb
	2

	Carrier Freq
	3.5GHz

	SCS
	30K

	slot configuration
	DSUDD

	SRS period
	5ms

	channel
	CDL-B 300ns

	BS antenna
	64T64R (8,8,2,1,1,4,8), (dH,dV) = (0.5, 0.8)λ, +45°, -45° polarization

	UE antenna
	2T4R(1,2,2,1,1,1,2) with antenna switching, (dH,dV) = (0.5, 0.5)λ, +0°, 90° polarization

	UE speed
	3km/h

	MCS
	Adaptive

	Rank and precoder
	Adaptive

	PRG
	2 RBs

	MIMO scheme
	SU-MIMO

	DL SNR
	9 dB higher than UL SNR



[bookmark: _Ref54207893]Table 6. LLS assumptions for CS hopping evaluation
	Setting Items
	Parameter Values

	SRS hopping bandwidth
	48 RBs

	Repetition factor
	2 and 4

	comb
	2

	Carrier Freq
	3.5GHz

	SCS
	30K

	channel
	CDL-B 300ns

	BS antenna
	64T64R (8,8,2,1,1,4,8), (dH,dV) = (0.5, 0.8)λ, +45°, -45° polarization

	UE antenna
	2T4R(1,2,2,1,1,1,2) with antenna switching, (dH,dV) = (0.5, 0.5)λ, +0°, 90° polarization

	UE speed
	3km/h



[bookmark: _Ref54207913]Table 7. LLS assumptions for partial sounding evaluation
	Setting Items
	Parameter Values

	System bandwidth
	96 RBs for Figure 11, 48 RBs for Figure 12

	SRS comb
	2

	Carrier Freq
	3.5GHz

	SCS
	30K

	slot configuration
	DSUDD

	SRS period
	Depend on SRS pattern

	channel
	CDL-B 300ns

	BS antenna
	64T64R (8,8,2,1,1,4,8), (dH,dV) = (0.5, 0.8)λ, +45°, -45° polarization

	UE antenna
	2T4R(1,2,2,1,1,1,2) with antenna switching, (dH,dV) = (0.5, 0.5)λ, +0°, 90° polarization

	UE speed
	3km/h

	MCS
	Adaptive

	Rank and precoder
	Adaptive

	PRG
	4 RBs for Figure 11, 4 RBs and 2 RBs for Figure 12

	MIMO scheme
	SU-MIMO and MU-MIMO for Figure 11, MU-MIMO for Figure 12
Note: For MU-MIMO, 2 UE with 30 degree difference in AOD and 10 degree difference in ZOD is assumed.

	DL SNR
	9 dB higher than UL SNR
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