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1. Introduction 
In the RAN1#106e meeting, several agreements have been achieved for the SRS enhancements [1]. The agreements are listed in the front part of each section to facilitate the discussion. 
In this contrition, we provide our views on SRS flexibility, coverage and capacity enhancements.
2. Discussion
2.1 Flexibility enhancements
Available slot definition

In the #106 meeting, the collision issue is still under the discussion and no conclusion have been made. 
	FL Proposal 2-2: Introduce dropping rule when collision happens among multiple aperiodic SRS resource sets in a same CC or different CCs.
· FFS the priority rule considering usage, order of triggering DCI, CC ID and set ID, whether the SRS is the Rel-17 flexible SRS, etc.
· FFS collision handling among Rel-17 flexible SRS and other UL channels/signals
· FFS whether to restrict this rule is only applicable to SRS resource sets triggered by a same DCI or different DCIs
· Note: strive for a unified rule for single-CC and multi-CC cases



The collisions that multiple SRS resource sets are triggered by a same DCI but with overlapping symbols could be avoided through scheduling. The multiple transmissions of SRS resources could be separated through setting different offsets and the value t. In addition, if conflicts happen between the aperiodic SRS and SP and periodic SRS, the Rel-16 rules should be followed or as the starting point. Per the FL proposal in the last meeting, we suggest to remove the “same CC” in the main bullet. If there are other cases to be considered, the proponents should elaborate.

[bookmark: _Hlk68275637]Observation 1:
The case of multiple SRS resource sets with overlapping symbols and/or triggered by a same DCI could be avoided through the scheduling of gNB or the setting of different slot offset in RRC.

Proposal 1:
The multiple SRS resource sets with overlapping symbols and/or triggered by a same DCI could be avoided through the scheduling or the configuration of slot offset in RRC. Then there is no need to define rules to solve this issue.

Determination on the value of t

	[bookmark: _Hlk67580266]Agreement
Confirm the following WA:
For DCI indication of “t” in Rel-17 SRS triggering offset enhancement
· For both DCI that schedules a PDSCH/PUSCH and DCI 0_1/0_2 without data and without CSI request
· t is indicated by adding a new configurable DCI field (up to 2 bits)
· Applies only when there are multiple   candidate values of t configured
· No further enhancement to indicate “t” for DCI 0_1/0_2 without data and without CSI request at least when the new DCI field is configured

Agreement
· Up to 4 “t” values can be configured per SRS resource set.



According to the discussion and the conclusion from the last meeting, an up to 2bits “t” values was agreed. And as the DCI without data and with data should have a unified design, then there is no need to further discuss for the repurpose issue.
The position of SRS resources within a slot is configured based on the RRC configurations. The flexibility enhancement of SRS should follow the same design principle from the perspective complexity of implementation. There is no need to further tuning the SRS position within a slot through the DCI indication. And the t value should represent as the available slot.

[bookmark: _Hlk79163096][bookmark: _Hlk68275651]Proposal 2: 
The t values should present as the available slot offset, not a symbol-level offset. 

Flexible DCI format
[bookmark: _Hlk67645165]
	Agreement 
Further study whether and if needed, how to achieve further enhancements on aperiodic SRS triggering and resource management based on repurposing unused fields in DCI format 0_1/0_2 without data and without CSI. Consider the following examples
· CAT A: Time-domain parameters
· A-1: Indication of available slot position, i.e., the t values
· A-2: Indication of slot offset
· A-3: Indication of SRS symbol-level offset
· A-4: Indication of time-domain behavior for SRS transmission over multiple OFDM symbols, e.g., repetition, hopping, and/or splitting
· CAT B: Frequency-domain parameters
· B-1: Indication of a group of CCs for SRS transmission
· B-2: Indication of frequency domain resource in a BWP for SRS transmission
· B-3: Indication of whether DL/UL BWP is applied for SRS transmission
· CAT C: Power control parameters
· C-1: Re-purpose ‘TPC command for PUSCH’ as ‘TPC command for SRS’
· FFS impact on power control, impact from triggering a group of CCs for SRS
· C-2: Indication of open loop power control parameter e.g., p0.
· CAT D: Spatial-domain parameters, i.e., indication of SRS port and beamforming
· CAT E: Extend the number of DCI codepoints for aperiodic SRS trigger states
· Other examples are not precluded


[bookmark: _Hlk68275671]As the t value have reached a working assumption, there is no need to further discuss the repurposing of the time domain indications. But the remaining part could be discussed.
For the indication of frequency domain parameter, the function of B-1 is covered by the DCI format 2_3. There is no need to introduced the overlapped functions. And the function of B-2 could facilitate the indication of partial frequency sounding. Whether the B-2 is introduced should depends on that whether the partial frequency sounding would provide the flexibility to indicate the frequency domain resources in DCI. B-3 seems introducing a new function of transmitting the SRS in a DL BWP, which needs more justification. 

[bookmark: _Hlk79163107][bookmark: _Hlk68275675]Proposal 3:
The indication of frequency domain resource in a BWP for SRS transmission (B-2) could be considered. But the final decision depends on whether there is a need from the perspective of partial frequency sounding.

For Category C and D, there is no strong motivation to support. As the TPC of SRS is also supported by the current DCI format 2_3. CAT D and C-2 could be bundled, as when the spatial domain parameter of SRS changes, the open loop power control should also change. But in the Rel-16 specification, the spatial relation information of SRS could be update through MAC CE. There is no need to further improve the flexibility of SRS spatial relations. 

[bookmark: _Hlk79163112][bookmark: _Hlk68275680]Proposal 4:
There is no need to include power control parameters (CAT C) and spatial domain parameters (CAT D) in the DCI without data and without CSI request, considering both functions have already been supported. 

The extension of DCI codepoints for aperiodic SRS trigger state could be considered, if the using scenarios could be justified. On the other hand, if the number of trigger state is increased in the DCI without data and CSI request, the trigger states in the DCI with data should also be extended. 

[bookmark: _Hlk78797675]2.2 Antenna switching up to 8Rx
2.2.1 Configurations for 4T6R

In RAN1#106 e-meeting, the agreements on the SRS antenna switching were made but without the conclusion of the configuration of 4T6R. 
	Agreement
For aperiodic xTyR antenna switching SRS, where xTyR is from {1T6R, 1T8R, 2T6R, 2T8R, 4T8R}, support all the non-zero integer values N<=N_max except N=1 for 1T8R 
· For each xTyR configuration, UE does not expect multiple SRS resource sets are configured or triggered in one slot
· UE does not expect that the OFDM symbols contained in one SRS resource set exceed UE capability on which OFDM symbols can be used for SRS taking guard period into account

Agreement
Support 4T6R SRS antenna switching in Rel-17.






Figure 1 SRS antenna switching for 4T6R UE
Since the number of DL receiving antenna port cannot be divided by the transmit antenna port number for the 4T6R. There are multiple candidate solutions. 
1) 3 SRS resources with 2 ports in one SRS resources set 
2) 2 SRS resources with 4 ports in one SRS resource set
3) 2 SRS resources within one SRS resource set, one with 2 ports and the other with 4 ports. 

In the 1st candidate solution, 3 SRS resources have to be configured. Though the UE has the capability of 4 transmitting ports, each transmission only 2 Tx ports are used. Theoretically, each one port could be transmitted with half of the transmit power of UE. Compared with the other two solutions, one more SRS resource are needed. But still, the 3 SRS resources could be transmitted in a single slot. 
In the 2nd solution, 4 ports could be used for each SRS resource. Two additional ports should be identified for the 2nd SRS transmission to avoid the ambiguity issue. One fourth of the total transmit power would be allocated to each port. For the two additional transmitted ports, the channel estimation could be enhanced due to the duplicated transmission. 
In the 3rd solution, only two SRS resources are required. For the 4 port SRS resources, each port occupies one fourth of the transmit power. And for the 2nd SRS resource with 2 ports, the transmit power of each port occupies half of the total power. Then there is a new issue that, the transmit power of each antenna port is not even. If the gNB has the knowledge of the un-even transmit power for the two ports, it seems not a problem for the channel estimation. On the other hand, if it is desirable to relieve the complexity of gNB, the transmit power of each port from the 2 port SRS could be reduced to the same level of the 4 port SRS resource. 

Proposal 5:
It is proposed to discuss the candidate solutions for 4T6R as below, 
· 3 SRS resources with 2 ports in one SRS resources set 
· 2 SRS resources with 4 ports in one SRS resource set
· 2 SRS resources within one SRS resource set, one with 2 ports and the other with 4 ports. 

[bookmark: _Hlk83511948]2.2.2 Guard period for antenna switching
In RAN1#106 e-meeting, the agreement on the guard period for SRS antenna switching was made [1]:
	Agreement
· On the presence of guard symbols in Rel-17 for SRS antenna switching, down-select one of the following 
· [bookmark: _Hlk83545596]Alt 1-0: Guard symbols are always-on, which is same as Rel-15
· Alt 1-1: Guard symbols are configurable subject to UE capability
· On whether to introduce guard symbols between SRS resource sets for antenna switching, down-select one of the following
· Alt 2-0: Do not introduce guard symbols between SRS resource sets, i.e., guard symbols only appears between SRS resources in a resource set
· [bookmark: _Hlk83545675]Alt 2-1: Introduce guard symbols between two sets mapped to consecutive slots
· Note: Rel-15 guard period symbols are supported if none of the above enhancements is agreed



The first issue is the configurable zero symbol gap for the SRS resources. If the UEs have the capability to switch the antennas with zero symbol gap, more SRS resources could be put into one slot. The coherence of the sounded antenna ports would be higher compared with the SRS resources distributed in two slots. And in this case, the 2nd slot could be used for other UE’s SRS transmission. Current agreement is too general and without any limitation that how many guard symbols should be configured. illustration about specific guard symbols numbers. 

Proposal 6: 
For Alt 1-1, the configurable guard symbols number should be limited to zero and current ones in the specification. 

In current Rel-15/16 specs, there is no guard symbol between SRS resources sets. Because the SRS resources can only be transmitted on the last 6 symbols of a slot and different SRS resource sets are distributed to different slots. There are always some symbols between the two SRS resource sets in the consecutive two slots. It is not needed to define guard symbols between the SRS resource sets. However, if the UE has the capability to allocate the SRS resource in any position of the slot, it could happen that the SRS resources in the two resources sets and in the two slots are located without any guard symbols. Then it is reasonable to introduce a guard symbol to between the adjacent SRS resources in two resource sets.  

Proposal 7:
For the guard symbols between the SRS resource sets, the Alt 2-1 is preferred,
· Alt 2-1: Introduce guard symbols between two sets mapped to consecutive slots

2.3 Coverage and capacity enhancements

Partial frequency sounding
	Agreement
Support start RB location (Noffset) hopping in different SRS frequency hopping periods for RPFS and at least periodic/semi-persistent SRS, where  Noffset  is the start RB index of the  RBs in the  RBs.
· For a given SRS transmission occasion,  , where khopping is same for all SRS occasions within a legacy FH period but changes across legacy FH periods, kF and PF are at least configured by RRC signaling (kF = {0, 1, …, PF-1}).
· Support at least one pattern for khopping in time domain, FFS detailed pattern
· Note: the legacy FH period is the period to sound the full SRS hopping bandwidth across the different subbands of  RBs each. 
· This start RB location hopping is enabled or disabled by RRC signaling.
· FFS whether MAC CE or DCI can be additionally used
· When this start RB location hopping is disabled, khopping is fixed to be 0 for all SRS symbols
· This start RB location hopping is UE optional.
· FFS whether start RB location hopping is also applicable on SRS occasion(s) within one FH period (e.g., when R>1) and/or on aperiodic SRS, if so, how





As the original thinking of partial frequency sounding is still sounding the whole bandwidth but with enhance coverage or power, frequency hopping is still necessary. The controversy here is whether to support the partial frequency sounding in the non-frequency hopping cases, which is similar to SRS configuration with only parts of the bands. For the non-frequency hopping cases, the same effect could be realized through a different SRS bandwidth configuration. Thus there is no need to further specify the partial frequency sounding in the non-frequency hopping cases. 

[bookmark: _Hlk68275736]Proposal 8:
The partial frequency sounding is applicable to the frequency hopping. And in the non-frequency hopping configuration, a same effect could be realized through SRS resource configurations.

The configurations of partial frequency sounding, such as the value of Pf and the specific part of the sub-band should be configured through RRC configurations. The activation or updates of the Pf factors and the position within the sub-band could achieved through RRC reconfiguration or MAC CE. 

[bookmark: _Hlk68275741]Proposal 9:
The configurations of partial frequency sounding, such as Pf factor and position within the sub-band, should be configured through RRC configurations. And the activations and/or updates could be done through MAC CE.  

3. Conclusions
In this contrition, we provide our views on SRS flexibility, coverage and capacity enhancements. The observations and proposals are as follows.

Observation 1:
The case of multiple SRS resource sets with overlapping symbols and/or triggered by a same DCI could be avoided through the scheduling of gNB or the setting of different slot offset in RRC.

Proposal 1:
The multiple SRS resource sets with overlapping symbols and/or triggered by a same DCI could be avoided through the scheduling or the configuration of slot offset in RRC. Then there is no need to define rules to solve this issue.

Proposal 2: 
The t values should present as the available slot offset, not a symbol-level offset. 

Proposal 3:
The indication of frequency domain resource in a BWP for SRS transmission (B-2) could be considered. But the final decision depends on whether there is a need from the perspective of partial frequency sounding.

Proposal 4:
There is no need to include power control parameters (CAT C) and spatial domain parameters (CAT D) in the DCI without data and without CSI request, considering both functions have already been supported. 

Proposal 5:
It is proposed to discuss the candidate solutions for 4T6R as below, 
· 3 SRS resources with 2 ports in one SRS resources set 
· 2 SRS resources with 4 ports in one SRS resource set
· 2 SRS resources within one SRS resource set, one with 2 ports and the other with 4 ports. 

Proposal 6: 
For Alt 1-1, the configurable guard symbols number should be limited to zero and current ones in the specification. 

Proposal 7:
For the guard symbols between the SRS resource sets, the Alt 2-1 is preferred,
· Alt 2-1: Introduce guard symbols between two sets mapped to consecutive slots

Proposal 8:
The partial frequency sounding is applicable to the frequency hopping. And in the non-frequency hopping configuration, a same effect could be realized through SRS resource configurations.

Proposal 9:
The configurations of partial frequency sounding, such as Pf factor and position within the sub-band, should be configured through RRC configurations. And the activations and/or updates could be done through MAC CE.  
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