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1. [bookmark: _Ref521334010]Introduction
In RAN #86 meeting, the enhancements for SRS in Rel-17 were agreed and the following enhancements for SRS were approved [1]:
	Enhancement on SRS, targeting both FR1 and FR2:
a. Identify and specify enhancements on aperiodic SRS triggering to facilitate more flexible triggering and/or DCI overhead/usage reduction
b. Specify SRS switching for up to 8 antennas (e.g., xTyR, x = {1, 2, 4} and y = {6, 8})
c. Evaluate and, if needed, specify the following mechanism(s) to enhance SRS capacity and/or coverage: SRS time bundling, increased SRS repetition, partial sounding across frequency


In RAN1 #102 meeting, the solutions for SRS enhancement had been discussed and the following agreement had been achieved:
	On SRS flexibility enhancements
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.

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..

[bookmark: _Hlk54222182]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..

On SRS switching enhancements
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..

On SRS coverage/capacity enhancements
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..


In this document, we provide our considerations on the enhancements for SRS in Rel-17.
2. Enhancements on SRS flexibility
According to TS38.214, a ‘SRS request’ field in DCI triggers a set of SRS resource sets, with an slot-level offset configured for each SRS resource set configured by RRC signalling. When an aperiodic SRS resource set with an offset of k slots is triggered by a DCI in slot n, the SRS is expected to be transmitted in slot n+k. If slot n+k is not an UL slot, the SRS transmission would be dropped. Note that a DCI may trigger multiple SRS resource sets with different slot offsets. The RRC configured slot offset and the timing of SRS transmission for aperiodic SRS restrict the number of combinations of PDCCH and SRS locations.
Varies solutions for flexible aperiodic SRS triggering had been discussed in RAN 1 #102 e-meeting, and it was agreed that at least one of the following alternatives would be selected:
-	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
In our interpretation, there are several alternatives for Alt 1:
Alt 1-1: For a SRS resource set, if the slot indicated by the triggering offset is an available slot, it is transmitted in the slot; otherwise, its transmission is delayed to a future (e.g. first) available slot. When SRS resource sets have different RRC configured slot offsets, their set-level delay may be different. 
Alt 1-2: Delay each SRS transmission with a common slot offset, i.e. the SRS transmissions triggered by the same DCI are delayed with same number of slots. 
There are several options for the definition of ‘available slot’ for Alt 1, two examples are as follows:
· Option 1: Identify the “available slot” per SRS resource.
- E.g. if the UL symbols included by a slot includes all the required UL symbols of a SRS transmission, the slot is an available slot for the SRS transmission;
· Option 2: Identify the “available slot” per SRS resource set.
- E.g. if the UL symbols included in a slot includes all the required UL symbols of SRS transmissions corresponding to an SRS resource set, the slot is an available slot for the SRS transmissions corresponding to the SRS resource set.
In Rel-15, the slot offset for SRS transmission is configured per SRS resource set, so all SRS corresponding to the same SRS resource set would be transmitted in the same slot. It is not necessary to delay the SRS transmissions corresponding to the same SRS resource set to different slots. Hence, identifying the “available slot” per SRS resource set is more reasonable.
Although alt 1-1 can increase the total combinations of PDCCH and SRS locations for gNB to choose from, it increases the complexity of scheduling and the complexity of transmission procedures. With alt 1-1, when an SRS transmission is to be triggered, gNB has to avoid the overlap of the delayed SRS transmissions and/or the overlap of delayed SRS transmission(s) and other UL transmission(s). If the overlap cannot be avoided, a dropping rule for UL transmission is needed. 
Alt 1-2 keeps the relative slot offset of SRS resource sets that triggered by the same DCI. Then the overlap of delayed SRS transmissions would not happen. When a delayed SRS transmission overlap with another UL signal, whether the SRS is transmitted or not can be determined with the same procedure as Rel-16. 
When an SRS transmission is to be triggered, the choices of combinations of PDCCH and SRS locations are determined by the triggering offset of the SRS transmission at that moment. If the triggering offset is updated with MAC-CE before the determination, the number of combinations of PDCCH and SRS locations is not increased. If the triggering offset is updated by MAC-CE first, and then the PDCCH is transmitted according to the updated value, the delay of the procedure is too large. Hence, alt 3 is not preferred.
Indicating triggering offset in DCI allows PDCCH to be transmitted in any DL slot. In NR, the maximum triggering offset for SRS is 32 slots. That means that if the triggering offset of an SRS transmission is indicated by DCI, at least 5 bits are needed. If the triggering offset for each SRS resource set is indicated separately, the overhead of triggering offset indication would be 5 *N, where N is the number of the SRS resource set that can be triggered. Large DCI overhead is not acceptable. A more acceptable solution is to indicate a common triggering offset for SRS resource sets triggered by the DCI, i.e. the triggering offset indicated by DCI is applied to all SRS resource sets. In order to allow SRS transmissions corresponding to different SRS resource sets to be transmitted in different slots, the triggering offset indicated by DCI can be an offset in addition to the triggering offset indicated by RRC for each SRS resource set. i.e. the transmission slot of an SRS resource set is n + k + m, where n is the slot index of DCI, k is the slot offset of the SRS resource set configured by RRC signaling, m is the common slot offset indicated by DCI. This solution also can be seen as a combination of Alt 1 and Alt 2.
The common slot offset can be indicated by DCI explicitly or implicitly. If the common slot offset is indicated by DCI implicitly, it can be associated with the trigger state of the SRS resource sets.
Proposal 1:
· For the enhancements on the determination of aperiodic SRS triggering offset, alt 2 or a combination of alt 1 and alt 2 is adopted, 
· E.g. an additional slot offset is indicated by the DCI, where an SRS resource set triggered by a DCI in slot n is transmitted in slot n+k+m, where k is the SRS-resource-set specific slot offset configured by RRC, m is the additional slot offset indicated by the DCI common to all triggered SRS sets.
UE-specific DCI for triggering aperiodic CSI-RS without uplink data and without CSI is supported in NR. It is also useful to support UE-specific DCI for triggering aperiodic SRS without uplink data, CSI and CSI-RS.
DCI format 2_3 is now supported on triggering aperiodic SRS transmission of SRS resources for carrier switching. DCI format 2_3 can trigger SRS transmissions for multiple UEs and/or SRS transmissions on multiple CCs. The effects of DCI overhead reduction of extending DCI format 2_3 for triggering aperiodic SRS transmission of SRS resource sets with usages other than carrier switching would not be obvious. That’s because the SRS transmission for “codebook”/“nonCodebook”/“beamManagement” can be triggered by the DCI that schedules UL data/DL data or CSI reporting, there are plenty of  trigger occasions if flexible aperiodic SRS triggering is enhanced for these DCI formats. Hence the discussion of enhancement for group-common DCI is expected to be with low priority. 
Proposal 2:
· The following UE-specific DCI for AP-SRS triggering is adopted:
· AP-SRS triggering with DCI format 0_1/0_2 without uplink data, CSI and CSI-RS.
SRS resource reuse is supported by current specifications. For codebook-based UL transmission, the indicated SRI in DCI is associated with the most recent transmission of SRS resource identified by the SRI, where the transmission is prior to the PDCCH carrying the SRI. This implies that codebook-based UL transmission can be associated to the SRS transmission of an SRS resource set with usage set to “antennSwitching” if the SRS resource indicated by SRI is also configured in the SRS resource set with usage set to “antennSwitching”. Up to gNB’s implementation, the SRS transmission of SRS resource(s) in SRS resource set with usage set to “codebook” can be used for DL CSI acquisition. 
Assuming that the numbers of Tx antenna ports of the SRS resources for “codebook” and “antennaSwitching” are m and n, respectively, for SRS resource reuse between SRS resource sets for “codebook” and “antennaSwitching”,
· if m = n, 
· SRS resource reuse between “codebook” and “antennaSwitching” is already supported. Some enhancements can be considered to make the reuse more flexible. For example, in Rel-15, up to two SRS resources with same Tx antenna ports can be configured in the SRS resource set for “codebook”. The two SRS resources are transmitted in the same slot. Since no guard period is specified between the two SRS resources, antenna switching between the SRS transmissions of the two SRS resources is not expected. Hence, if the number of Tx antenna ports of the SRS resources is 2, the transmission of SRS resource set for “codebook” cannot be used to get full DL CSI for 2T4R. Similarly, since antenna switching happens between the SRS transmissions of the two SRS resource sets for 2T4R, full UL CSI as that of SRS resource set for “codebook” with two 2-port SRS resources may not be acquired by the SRS transmission of the SRS resource sets for “antennaSwitching”.
· if m < n,
· for the case that the SRS resource for “codebook” is reused for “antennaSwitching”, CSI of m DL antenna ports can be acquired by the SRS resource for “codebook”, and at least the CSI of n-m DL antenna ports has to be acquired by the SRS resources for “antennaSwitching”. If the number of antenna ports of all SRS resources for “antennaSwitching” is n, no SRS transmission overhead can be reduced for DL CSI acquisition. If the number of antenna ports of one SRS resource for “antennaSwitching” is n-m, at most m ports SRS transmission overhead can be reduced for DL CSI acquisition. However, the complexity for SRS configuration and SRS triggering would be increased.
· for the case that the SRS resource for “antennaSwitching” is reused for “codebook”, partial antenna ports of the SRS resource for “antennaSwitching” is used for UL CSI acquisition. The benefit of the scheme is that the SRS transmission overhead can be reduced for UL CSI acquisition. However, the identification on which antenna ports in the SRS resource for “antennaSwitching” is used for UL CSI acquisition is needed, and solutions on ensuring UE to use same virtualization and Tx power as that for UL CSI acquisition are needed.
· if m > n, 
· for the case that the SRS resource for “codebook” is reused for “antennaSwitching”, CSI of n DL antenna ports can be acquired by the SRS resource for “codebook”, and the CSI of other DL antenna ports can be acquired by the SRS resources for “antennaSwitching” if the number of Rx antenna ports of DL is larger than n. This scheme can reduce SRS transmission overhead for DL CSI acquisition. However, the complexity for SRS configuration and SRS triggering may be increased.
· for the case that the SRS resource for “antennaSwitching” is reused for “codebook”, with the SRS transmission of a SRS resource in the SRS set for “antennaSwitching”, only CSI of partial antenna ports for UL can be obtained. We don’t know what the use case is.
Proposal 3:
· For the enhancement on SRS resources reuse among multiple usages, focus on the case that the SRS resources for antenna switching and codebook-based UL transmission are with same number of Tx antenna ports.
3. SRS for antenna switching
In RAN 1 #102 e-meeting, the following configurations for antenna switching were agreed to be studied: {1T6R, 1T8R, 2T6R, 2T8R, 4T6R, 4T8R}. The SRS resource configurations is related to the antenna structures and guard period between SRS resources. Table 1 show the summary of SRS configurations for antenna switching in Rel-15 and their corresponding antenna structures.
Proposal 9: 
· Partial sounding with larger comb size can be used for sounding to enhance SRS coverage and capacity.
Table 1 Summary of SRS configurations for antenna switching in Rel-15
	schemes
	SRS resource configuration
	Antenna structure

	1T2R
	1 or 2 SRS resource set, where
· 1 port/SRS resource;
· 2 SRS resources/set;
· different symbols for different SRS resources;
If 2 SRS resource sets are configured, they should be configured with different time domain types (i.e. the values of resourceType of the two sets are different).
	1 Tx chain switched between 2 Rx antennas

	1T4R
	0 or 1 periodic/semi-persistent SRS resource set, where
· 1 port/SRS resource;
· total 4 SRS resources with different symbols for different SRS resources;
0 or 2 aperiodic SRS resource sets, where
· 1 port/SRS resource; 
· each set with 2 SRS resources, or one set with 1 SRS resource and the other set with 3 SRS resources;
· different slots for different sets and different symbols for different SRS resources; 
Note: Only one of a periodic/semi-persistent SRS resource set and aperiodic SRS resource sets can be configured.
	1 Tx chain switched among 4 Rx antennas

	2T4R
	1 or 2 SRS resource set, where
· 2 ports/SRS resource;
· 2 SRS resources/set;
· different symbols for different SRS resources;
· If 2 SRS resource sets are configured, they should be configured with different time domain types.
	2 Tx chains with each Tx chain is switched between 2 Rx antennas

	[bookmark: _Hlk54225134]1T1R/2T2R/4T4R
	1 or 2 SRS resource set, where
· 1/2/4 ports/SRS resource;
· 1 SRS resources/set.
	1/2/4 Tx chains with each Tx chain is connected to one Rx antenna 


There are many possible antenna structures for 2T6R, 2T8R, 4T6R and 4T8R. Take 2T6R as an example, the following antenna structures are possible:
- 2 Tx chains with each Tx chain is switched among 3 Rx antennas;
- 2 Tx chains with 1 Tx chain is switched between 2 Rx antennas and 1 Tx chain is switched among 4 Rx antennas;
- 2 Tx chains with 1 Tx chain is connected to 1 Rx antenna and 1 Tx chain is switched among 5 Rx antennas.
In our opinion, it is not necessary to specify SRS configurations for all possible antenna structures. SRS configurations for typical antenna structures are considered. 
Proposal 4:
· Only typical antenna structures are considered for the schemes of SRS for antenna switching;
· At least the following antenna structures are considered:
· 1T2R/1T4R/1T6R/1T8R: 1 Tx chain switched between 2/4/6/8 Rx antennas;
· 2T4R: 2 Tx chains with each Tx chain is switched between 2 Rx antennas;
· 2T6R: 2 Tx chains with each Tx chain is switched between 3 Rx antennas;
· 2T8R: 2 Tx chains with each Tx chain is switched between 4 Rx antennas;
· 4T6R: 2 Tx chains with 1 Tx chain is switched between 2 Rx antennas and 1 Tx chain is switched among 4 Rx antennas;
· 4T8R: 4 Tx chains with each Tx chain is switched between 2 Rx antennas;
· 1T1R/2T2R/4T4R: 1/2/4 Tx chains with each Tx chain is connected to one Rx antenna.

In Rel-15, SRS only can be transmitted at the last 6 symbols within a slot. Since a guard period is specified for antenna switching, at most 3 SRS resources can be configured in a slot. Therefore, the SRS transmission occupies 2 slots for 1T4R and 1 slot for other xTyR schemes. If 1T8R is supported, the number of slots would be even larger, and the latency of CSI would be large. In Rel-16, a UE can report its capability on whether the starting position of an SRS transmission can be started in any symbol within a slot. Then for the UEs support SRS to be transmitted in any position within a slot, less slots are needed for some schemes. In order to reduce the latency of CSI acquisition, different SRS resource configurations can be specified for different UE capabilities on the transmission position of SRS.
Proposal 5:
· For the enhancements on SRS for antenna switching, different aperiodic SRS resource configurations are designed for different UE capabilities on starting position of SRS within a slot, at least for some SRS antenna switching schemes ( i.e. 1T8R, 1T6R, 1T4R, 2T8R).
4. Enhancement on SRS for capacity and coverage
In the agreement on SRS capacity and coverage enhancement [2], three categories, i.e., time bundling, increase repetition and partial frequency sounding, can be chosen to enhance SRS capacity and/or coverage. In this section, time bundling and partial frequency sounding for SRS enhancement are discussed.
4.1. Time Bundling
According to the agreement on SRS capacity and coverage enhancement, one or more SRS resources are used to be bundled across different occasions in one or more slots. First, it should be clarified whether SRS is bundled across different occasions of a SRS resource, or across different SRS resources.
It is possible to use either a single SRS resource or multiple SRS resources for bundling. For a single SRS resource, the SRS resource should be configured as periodic-SRS (P-SRS) or semi-persistent SRS (SP-SRS) resource. Only the same SRS resource after multiple period transmissions can be used to be bundled. If the period is larger, there may be no available SRSs on adjacent slots for bundling. This limits the bundling flexibility. For multiple SRS resources bundling, multiple resources with the configured different offset values could be bundled. The bundled SRS can be located in successive slots or different slots. This makes bundling more flexible. Based on the above discussion, the following proposal is given.
Proposal 6：
· Bundling is to be performed across multiple SRS resources. 
The next question is that whether the bundled SRS resources are from the same SRS resource set or different SRS resource sets. In order to bundle multiple SRS resources, these resources should be transmitted with same analog beamforming as well as digital beamforming. The same analog beamforming used by the bundled SRS resources can be ensured if the configured spatialrelationinfo of these resources are identical. From this point, the bundled SRS resource can be from the same SRS resource set or different SRS resource sets. However, different numbers of SRS resource sets are configured for different SRS usages. For example, only one SRS resource set can be configured for non-codebook transmission. In such case, the bundling SRS must be from the same set. To have a unified framework for bundling over SRS usages, multiple SRS resources in the same resource set are used for bundling. 
Proposal 7：
· Bundling is to be performed on SRS resources in the same resource set. 
Assume multiple SRS resources are used for bundling, in order to perform joint channel estimation on bundled resources at gNB, these SRS resource should adopt the same digital beamforming and analog beamforming. The following alternatives are provided to solve the issue.
· Alt-1: Signaling configuration or indication for SRS bundling  
· Alt-2: Design the time-domain bundled pattern for SRS bundling 
For Alt-1, RRC configuration, or MAC-CE and DCI indication can be used to make the spatialrelationinfo of multiple SRS resources to be identical. For example, the configured SRS resource set includes M SRS resources, where M is bundling size. The spatialrelationinfo of the M resources is configured as the same value. In addition, all SRS resources in the resource set use the same antenna port so that they adopt the same digital precoder. 
For Alt2, the time-domain pattern can be designed to make bundled SRS resources use the same beamforming. In this way, it does not require additional configuration or indication information compared to Alt-1. It just needs that the start position of bundling within time domain is determined at first. Then, multiple SRS resources from the start position are successively selected to be used for bundling. In this section, one potential bundling pattern is given. Assume the M SRS resources with different offset values are configured in one resource set. The periodicity of all them is set to T. After ordering SRS resources in ascending order according to their offset values, the start position of bundling is the location where the SRS transmission with the smallest offset value. UE will successively choose the remained M-1 resources for bundling. These bundled SRS resources are transmitted by UE using the same beamforming and antenna ports. Figure 1 shows an example of the time-domain bundled pattern for multiple SRS bundling method. The bundled size M is set to 4. Their offset values are configured to offset0, offset1, offset2 and offset3, respectively, and they are sorted in ascending order. The start position of bundled resources corresponds to the smallest offset value, i.e., offset0, in a period. Then, the remained three SRS resources are successively selected according to their offset values.


Figure 1: An example of the time-domain bundled pattern for SRS bundling
Proposal 8:
· The following two alternatives can be considered to bundle SRS:
· Alt-1: Signaling configuration or indication for SRS bundling  
· Alt-2: Design the time-domain bundled pattern for SRS bundling 
According to the agreement on SRS capacity and coverage enhancement, two or more occasions of one or more SRS resources in a slot is used for bundling. For such case, multiple SRS resources should be configured, and SRS can only be transmitted on multiple OFDM symbols. In order to enhance the received SINR of SRS, these SRS resources should be transmitted with the same subcarrier on the adjacent or non-adjacent OFDM symbols. If the bundled SRS resources are transmitted on adjacent symbols, it can be regarded as SRS repetition in time domain. This means that SRS repetition can achieve the same functionality that bundled SRS in a slot can do. In this case, it is not necessary for SRS bundling. If the bundled SRS resources are transmitted on non-adjacent symbols, the potential time-diversity gain may be improved by using SRS bundling compared with SRS repetition. However, only the last six symbols in a slot can be used to transmit SRS in the current specification. The improved time diversity gain may be limited. In order to avoid the issue, the bundled SRS should be allowed to transmit on any symbol in a slot for obtaining potential time-diversity gain. According to above discussion, we have the following observation.
Observation 1: 
· If multiple SRS resources are used for bundling in a slot, the bundled SRSs could be transmitted on any symbol. 
4.2. Partial Frequency Sounding
The agreement was achieved that partial frequency resource with RB level or subcarrier level can be used for SRS sounding in [2]. For RB level sounding, only partial RBs are used for sounding. SRS transmission on these partial RBs may be not consecutive for such case. This results that low PAPR for ZC sequence will be not guaranteed. For subcarrier level, larger comb value can be configured for partial sounding. In current specifications, it has been supported that comb size is configured as 2, 4 and 8. In our view, larger comb size, e.g., 12 can also supported to enhance SRS coverage. It is a straightforward extension of comb size and does not require specification have larger change. In addition, configuring larger comb size does not affect the continuity of SRS transmission in PRBs. This also allows more users to be multiplexed in frequency domain due to larger comb size to enhance SRS capacity. Therefore, partial sounding with larger comb size can be used for sounding to enhance SRS coverage and capacity.
Proposal 9: 
· Partial sounding with larger comb size can be used for sounding to enhance SRS coverage and capacity.
5. Conclusions
In this contribution, we provided our views on the enhancement for Rel-17 SRS. We have the following observations and proposals:
Observations
· Observation 1: If multiple SRS resources are used for bundling in a slot, the bundled SRSs could be transmitted on any symbol. 

Proposals
Proposal 1:
· For the enhancements on the determination of aperiodic SRS triggering offset, alt 2 or a combination of alt 1 and alt 2 is adopted, 
· E.g. an additional slot offset is indicated by the DCI, where an SRS resource set triggered by a DCI in slot n is transmitted in slot n+k+m, where k is the SRS-resource-set specific slot offset configured by RRC, m is the additional slot offset indicated by the DCI common to all triggered SRS sets.
Proposal 2:
· The following UE-specific DCI for AP-SRS triggering is adopted:
· AP-SRS triggering with DCI format 0_1/0_2 without uplink data, CSI and CSI-RS.
Proposal 3:
· For the enhancement on SRS resources reuse among multiple usages, focus on the case that the SRS resources for antenna switching and codebook-based UL transmission are with same number of Tx antenna ports.
Proposal 4:
· Only typical antenna structures are considered for the schemes of SRS for antenna switching;
· At least the following antenna structures are considered:
· 1T2R/1T4R/1T6R/1T8R: 1 Tx chain switched between 2/4/6/8 Rx antennas;
· 2T4R: 2 Tx chains with each Tx chain is switched between 2 Rx antennas;
· 2T6R: 2 Tx chains with each Tx chain is switched between 3 Rx antennas;
· 2T8R: 2 Tx chains with each Tx chain is switched between 4 Rx antennas;
· 4T6R: 2 Tx chains with 1 Tx chain is switched between 2 Rx antennas and 1 Tx chain is switched among 4 Rx antennas;
· 4T8R: 4 Tx chains with each Tx chain is switched between 2 Rx antennas;
· 1T1R/2T2R/4T4R: 1/2/4 Tx chains with each Tx chain is connected to one Rx antenna.
Proposal 5:
· For the enhancements on SRS for antenna switching, different aperiodic SRS resource configurations are designed for different UE capabilities on starting position of SRS within a slot, at least for some SRS antenna switching schemes ( i.e. 1T8R, 1T6R, 1T4R, 2T8R).
[bookmark: _GoBack]Proposal 6：
· Bundling is to be performed across multiple SRS resources.
Proposal 7：
· Bundling is to be performed on SRS resources in the same resource set.
Proposal 8:
· The following two alternatives can be considered to bundle SRS:
· Alt-1: Signaling configuration or indication for SRS bundling  
· Alt-2: Design the time-domain bundled pattern for SRS bundling
Proposal 9: 
· Partial sounding with larger comb size can be used for sounding to enhance SRS coverage and capacity.
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