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1. Introduction 
In the RAN1#104e 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
Reference slot definition

1 
2 
3 
In the #103e meeting, two options are agreed for the reference slot of SRS. But in the #104e and 104bis meeting, no conclusion was achieved. The two options for the reference slots are as below. 
1. Opt. 1: Reference slot is the slot with the triggering DCI.
1. Opt. 2: Reference slot is the slot indicated by the legacy triggering offset.
Compared with option 1, the option 2 set the reference slot according to the legacy triggering offset configured in RRC, which provide more flexibility of triggering multiple SRS resource sets with different slot offsets. If the reference slot is set as the slot of triggering DCI, the SRS resources within the aperiodic SRS resource sets could be sent in the same slot. And the congestion could happen in this situation. 
Considering the 1T4R SRS antenna switching as an example, two SRS resource sets would be configured for the aperiodic transmission. And two SRS resource sets should be transmitted in two slots according to the configured different slot offsets. Once the option 1 is adopted, the two SRS resource sets would be transmitted in the same slot.
From our understanding, the legacy mechanisms (the option 2) should be reused as much as possible. The implementation could be more easy than setting up another set of operation but with a same function as the legacy one.

[bookmark: _Hlk68275632]Proposal 1:
The reference slot is the slot indicated by the legacy triggering offset configured through RRC. And the option 2 is preferred.

Available slot definition

In the #104 meeting, the definition of the available slot was agreed. And one FFS remains to be discussed. But no conclusion was reached in the last meeting.
	Agreement
Confirm the following working assumption with modifications
An “available slot” is a slot satisfying there are UL or flexible symbol(s) for the time-domain location(s) for all the SRS resources in the resource set and it satisfies UE capability on the minimum timing requirement between triggering PDCCH and all the SRS resources in the resource set.
· From the first symbol carrying the SRS request DCI and the last symbol of the triggered SRS resource set, UE does not expect to receive SFI indication, UL cancellation indication or dynamic scheduling of DL channel/signal(s) on flexible symbol(s) that may change the determination of “available slot”.
· Note: Collision handling between the triggered SRS and any other UL channel/signal is performed after the determination of available slot.
· FFS: Rules to handle the case of multiple SRS resource sets with overlapping symbols and/or triggered by a same DCI



The collisions that multiple SRS resource sets are triggered by a same DCI but with overlapping symbols could be avoided through scheduling. And as proposed above the multiple transmissions of SRS could be separated through setting different offsets. 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. 

[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 2:
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]Working Assumption
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: _Hlk68275651][bookmark: _Hlk79163096]Proposal 3: 
The t values should present as the available slot offset, not an symbol-level offset. 

The conclusion about the MAC CE updates from the last meeting is to further discuss. Since there is enough flexibility provided by the RRC and DCI indicated slot offset, it is not necessary to update the trigger offset through MAC CE.

[bookmark: _Hlk68275655]Proposal 4:
There is no need to update the trigger offset through MAC CE, since the DCI and RRC based indication of slot offset is flexible enough.

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: _Hlk68275675][bookmark: _Hlk79163107]Proposal 5:
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: _Hlk68275680][bookmark: _Hlk79163112]Proposal 6:
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
In RAN1#104b e-meeting, the agreements on the SRS antenna switching were made [1]:
	Agreement
On aperiodic SRS configuration for antenna switching with > 4Rx, support the following N_max values
· 1T6R: N_max = 3
· 1T8R: N_max = 4
· 2T6R: N_max = 3
· 2T8R: N_max = 4
· [4T8R: N_max = 2]
· The support of N_max value does not imply the support of N value that is smaller than N_max. This is FFS.
· FFS whether further enhancement for single-DCI or multi-DCI based MTRP is needed

Agreement
[bookmark: _Hlk78807910]On supported values of N for Rel-17 aperiodic SRS antenna switching with >4Rx, down-select at least one of the following alternatives in RAN1#105e
· Alt 1: All the non-zero integer values <= N_max are supported for N
· Alt 2: Support N=N_max only
· [bookmark: _Hlk78808011]Alt 3: Support specific N values <= N_max
· FFS whether different alternatives may be selected for the same xTyR configuration subject to the UE capability on maximum number of symbols that can be used for SRS in a slot
· FFS: whether different alternatives may be selected for different xTyR configuration



According to current Rel-15/16 specs, if SRS can be transmitted over the last 6 OFDM symbols, maximum 3 SRS resources can be configured in a set for guard period Y = 1 and maximum 2 SRS resources can be configured in a set for Y = 2. If SRS can be transmitted over any OFDM symbols within the slot, maximum 7 SRS resources can be configured in a set for Y = 1 and maximum 5 SRS resources can be configured in a set for Y = 2.

Based on the above restriction, the guard period is at least 1 symbol, up to 7 SRS resources for antenna switching can be transmitted in a slot. Therefore, at least 2 aperiodic SRS resource sets are needed for 1T8R since only one aperiodic SRS resource set can be configured in one slot. So, at least for 1T8R, we shouldn’t consider Alt 1 which indicates N =1 could be supported.

For Alt 2, the N_max is extremely large value in some cases and large values of N might result in large DL CSI acquisition latency, which might have significant impact on the performance of DL precoding. In addition, large aperiodic SRS transmission slots occupation for antenna switching might lead to some additional scheduling restrictions and potential performance loss. So, Alt 2 shouldn’t be considered for Rel-17 aperiodic SRS antenna switching.

Therefore, to make sure each supported N value could be used in real NR deployment, we think discussing supported N values <= N_max case by case is feasible way.
Based on the above discussion, we have the following proposal:

[bookmark: _Hlk79163119]Proposal 7:
Support specific N values <= N_max for Rel-17 aperiodic SRS antenna switching with >4Rx (Alt 3).

Besides, considering the restriction of guard period and the flexibility for SRS configuration, we have the following analysis on the number of SRS resource sets that can be configured for the up to 8Rx cases:

[bookmark: _Hlk67678100]2.2.1 SRS transmitted over the last 6 OFDM symbols
Under the limitations that only the last 6 symbols could be used for SRS transmission, we would discuss the configurations on SRS antenna switching in this subsection:
For the new UE capabilities, such as {1T6R, 1T8R, 2T6R, 2T8R, 4T8R}, the similar configurations of SRS for antenna switching in Release 15 could be reused in some case.
· 1T6R
1) For periodic or semi-persistent SRS, 
one SRS resource set could be configured with higher layer parameter resourceType in SRS-ResourceSet set to 'periodic' or 'semi-persistent', with 6 SRS resources transmitted in different symbols. Each SRS resource in a given set consists of one SRS port.
2) For aperiodic SRS, 
a) if the minimum guard period between two SRS resources of an SRS resource set for antenna switching Y = 1 symbol, at least 2 SRS resource set could be configured with higher layer parameter resourceType in SRS-ResourceSet set to 'aperiodic', and a total of 6 SRS resources are transmitted in different symbols of 2 different slots. The SRS port of each SRS resource in the given 2 sets is associated with a different UE antenna port. And the 2 SRS sets are each configured with 3 SRS resources. 
b) [bookmark: _Hlk61537182]if the minimum guard period between two SRS resources of an SRS resource set for antenna switching Y = 2 symbol, for the reason that SRS could only be transmitted in the last 6 symbols in a slot, at least 3 SRS resource sets need be configured as aperiodic SRS for antenna switching, and a total of 6 SRS resources are transmitted in different symbols of 3 different slots. The SRS port of each SRS resource in the given 3 sets is associated with a different UE antenna port. And the 3 SRS sets are each configured with 2 SRS resources.
However, to design a unified SRS configuration for guard period Y= 1 or 2 symbol(s), 2 or 3 SRS resource sets may need be configured as aperiodic SRS for antenna switching. Each SRS resource consists of 1 SRS port.
a) [bookmark: _Hlk61541993]If Y=1 symbol, there might be 3 possible aperiodic SRS configurations for antenna switching:
i. 2 SRS resource sets are configured, where each SRS resource set has 3 SRS resources. 
ii. 3 SRS resource sets are configured, where the numbers of SRS resources in the 3 sets are {1, 2, 3}. 
iii. 3 SRS resource sets are configured, where each SRS resource set has 2 SRS resources. 
b) If Y=2 symbols, there is only 1 aperiodic SRS configuration for antenna switching:
3 SRS resource sets are configured, where each SRS resource set has 2 SRS resources. 
· 2T6R
Similar with the analysis for 1T6R, the SRS configurations for antenna switching are as follow:
1) For periodic or semi-persistent SRS, 
one SRS resource set could be configured with higher layer parameter resourceType in SRS-ResourceSet set to 'periodic' or 'semi-persistent', with 3 SRS resources transmitted in different symbols. Each SRS resource in a given set consists of 2 SRS ports.
2) For aperiodic SRS,
1 or 2 SRS resource set(s) may need be configured as aperiodic SRS for antenna switching. Each SRS resource consists of 2 SRS ports.
a) If Y=1 symbol, there might be 2 possible aperiodic SRS configurations for antenna switching:
i. 1 SRS resource set is configured, where the SRS resource set has 3 SRS resources. 
ii. 2 SRS resource sets are configured, where the numbers of SRS resources in the 2 sets are {1, 2}. 
b) If Y=2 symbols, there is only 1 aperiodic SRS configuration for antenna switching:
2 SRS resource sets are configured, where the numbers of SRS resources in the 2 sets are {1, 2}.
· 1T8R
Similar with the above analysis, the SRS configurations for antenna switching are as follow:
1) For periodic or semi-persistent SRS, 
1 SRS resource set may need be configured as aperiodic SRS for antenna switching, with 8 SRS resources transmitted in different symbols. Each SRS resource consists of one SRS port.
2) For aperiodic SRS,
3 or 4 SRS resource sets may need be configured as aperiodic SRS for antenna switching. Each SRS resource consists of 1 SRS port.
a) If Y=1 symbol, there might be 4 possible aperiodic SRS configurations for antenna switching:
i. 3 SRS resource sets are configured, where the numbers of SRS resources in the 3 sets are {2, 3, 3}. 
ii. 4 SRS resource sets are configured, where the numbers of SRS resources in the 4 sets are {1, 1, 3, 3}. 
iii. 4 SRS resource sets are configured, where the numbers of SRS resources in the 4 sets are {1, 2, 2, 3}. 
iv. 4 SRS resource sets are configured, where the numbers of SRS resources in the 4 sets are {2, 2, 2, 2}. 
b) If Y=2 symbols, there is only 1 aperiodic SRS configuration for antenna switching:
4 SRS resource sets are configured, where the numbers of SRS resources in the 4 sets are {2, 2, 2, 2}.
· 2T8R
1) For periodic or semi-persistent SRS, 
1 SRS resource set may need be configured as aperiodic SRS for antenna switching, with 4 SRS resources transmitted in different symbols. Each SRS resource consists of 2 SRS ports.
2) For aperiodic SRS,
2 SRS resource sets may need be configured as aperiodic SRS for antenna switching. Each SRS resource consists of 2 SRS ports.
a) If Y=1 symbol, there might be 2 possible aperiodic SRS configurations for antenna switching:
i. 2 SRS resource sets are configured, where the numbers of SRS resources in the 2 sets are {1, 3}. 
ii. 2 SRS resource sets are configured, where each SRS resource set has 2 SRS resources. 
b) If Y=2 symbols, there is only 1 aperiodic SRS configuration for antenna switching:
2 SRS resource sets are configured, where each SRS resource set has 2 SRS resources.
· 4T8R
1 SRS resource set could be configured for antenna switching, where 2 SRS resources are transmitted in different symbols. Each SRS resource consists of 4 SRS ports.
· 4T6R
[bookmark: _Hlk78808494]However, for the newly proposed 4T6R transceiver architecture, the configurations of SRS for antenna switching in Release 15 cannot be reused. So, we will discuss how SRS resource allocation can be done for DL CSI acquisition with 4T6R transceiver architecture.
SRS antenna switching for 4T6R transceiver architecture can be achieved within a single slot. For example, up to two SRS resource sets are configured with a different value for the higher layer parameter resourceType in SRS-ResourceSet set, where each SRS resource set has two SRS resources transmitted in different symbols, one SRS resource in a given set consisting of four SRS ports, and the other SRS resource consisting of two SRS ports. The SRS ports of the second resource are associated with a different UE antenna ports than the SRS port pair of the first resource. As shown in Fig. 1, the SRS resource 0 consisting of 4 ports is associated with a different UE antenna port pair than the SRS port pair of the resource 1 consisting of 2 ports. Then, the 6 SRS ports are mapped to 6 antennas for DL CSI acquisition.
Furthermore, the current specification restricts that the transmit power of each SRS resource in a SRS resource set is same, and the transmit power for each SRS resource is split equally across the configured antenna ports for SRS. While for antenna switching, to make sure that the power of each SRS port is equal for DL CSI acquisition, the power of SRS resource consisting of 4 ports should be twice that of SRS resource consisting of 2 ports.


Fig. 1 
Figure 1 SRS antenna switching for 4T6R UE

Based on the above discussion, under the limitations that only the last 6 symbols could be used for SRS transmission, the SRS resource allocations for DL CSI acquisition with the new UE capabilities are showed below:

	
	resourceType
	guard period Y[symbol]
	# of SRS resource sets
	# of SRS resources per set
	# of SRS ports per resource

	1T6R
	Periodic/Semi-persistent
	
	1
	6
	1


	
	Aperiodic
	1
	2
	{3, 3}
	

	
	
	
	3
	{1, 2, 3}
	

	
	
	
	3
	{2, 2, 2}
	

	
	
	2
	3
	{2, 2, 2}
	

	2T6R
	Periodic/Semi-persistent
	
	1
	3
	2

	
	Aperiodic
	1
	1
	3
	

	
	
	
	2
	{1, 2}
	

	
	
	2
	2
	{1, 2}
	

	4T6R
	Periodic/Semi-persistent/ Aperiodic
	
	1
	2
	{2, 4}

	1T8R
	Periodic/Semi-persistent
	
	1
	8
	1

	
	Aperiodic
	1
	3
	{2, 3, 3}
	

	
	
	
	4
	{1, 1, 3, 3}
	

	
	
	
	4
	{1, 2, 2, 3}
	

	
	
	
	4
	{2, 2, 2, 2}
	

	
	
	2
	4
	{2, 2, 2, 2}
	

	2T8R
	Periodic/Semi-persistent
	
	1
	4
	2

	
	Aperiodic
	1
	2
	{1, 3}
	

	
	
	
	2
	{2, 2}
	

	
	
	2
	2
	{2, 2}
	

	4T8R
	Periodic/Semi-persistent/ Aperiodic
	
	1
	2
	4



2.2.2 SRS transmitted over any OFDM symbols in one slot
If the antenna switching SRS could be transmitted over any OFDM symbols within the slot, the SRS resource allocations for DL CSI acquisition with the new UE capabilities are showed below:

	
	resourceType
	guard period Y[symbol]
	# of SRS resource sets
	# of SRS resources per set
	# of SRS ports per resource

	1T6R
	Periodic/Semi-persistent
	
	1
	6
	1


	
	Aperiodic
	1
	1
	6
	

	
	
	2
	2
	{2, 4}
	

	
	
	
	
	{3, 3}
	

	2T6R
	Periodic/Semi-persistent/ Aperiodic
	
	1
	3
	2

	4T6R
	Periodic/Semi-persistent/ Aperiodic
	
	1
	2
	{2, 4}

	1T8R
	Periodic/Semi-persistent
	
	1
	8
	1

	
	Aperiodic
	1
	2
	{1, 7}
	

	
	
	
	
	{2, 6}
	

	
	
	
	
	{3, 5}
	

	
	
	
	
	{4, 4}
	

	
	
	2
	2
	{4, 4}
	

	2T8R
	Periodic/Semi-persistent/ Aperiodic
	
	1
	4
	2

	4T8R
	Periodic/Semi-persistent/ Aperiodic
	
	1
	2
	4



Based on the above discussion, we make the following proposals for SRS resource allocation for DL CSI acquisition with the new UE capabilities:

[bookmark: _Hlk79163139]Proposal 8:
The 4T6R for the SRS antenna switching should be supported considering the completeness of the specification.

In addition, the supported N should be designed to align with different UE capabilities, no matter the SRS can only be transmitted over the last 6 OFDM symbols within the slot or over any OFDM symbols within the slot. We have the following proposals for the supported N for different UE transceiver architecture:

[bookmark: _Hlk79163143]Proposal 9:
For aperiodic antenna switching SRS, support to configure N resource sets, where totally K resources are distributed in the N resource sets flexibly based on RRC configuration and transmitted in different symbols.
· For 1T6R, K=6, N = 1/2/3, and each resource has 1 port.
· For 1T8R, K=8, N = 2/3/4, and each resource has 1 port.
· For 2T6R, K=3, N = 1/2, and each resource has 2 ports.
· For 2T8R, K=4, N = 1/2, and each resource has 2 ports.
· For 4T6R, K=2, N = 1, and one resource has 2 ports, the other resource has 4 ports.
· For 4T8R, K=2, N = 1, and each resource has 4 ports.

2.2.3 Configuration for periodic and semi-persistent SRS
In RAN1#104b e-meeting, an agreement on the SRS antenna switching was made [1]:
	Agreement
For antenna switching, support one of the following 
· Alt 1: Support maximum one SRS resource set for periodic SRS and maximum one SRS resource set for semi-persistent SRS
· Alt 2: Support up to two semi-persistent SRS resource sets in addition to a periodic SRS resource set
· Note: the two SP-SRS resource sets are not activated at the same time.
· FFS whether further enhancement for single-DCI or multi-DCI based MTRP is needed
· FFS whether configurations on SRS repetitions have impact
· FFS relevant UE capability design



In real NR network deployment, hundreds of UEs in a cell need to transmit SRS for DL CSI acquisition. Usually, the UE is configured with one periodic SRS set with long periodicity for small data traffic and one semi-persistent SRS set with short periodicity for big data traffic. However, in current network, each UE can only be configured with one semi-persistent SRS resource set and they are normally configured with same resources and periodicity. When the semi-persistent SRS is activated for transmission simultaneously, the SRS collision might happen very frequently. 

If two semi-persistent SRS resource sets can be configured for antenna switching, the probability of SRS collision might decrease rapidly since network have the flexibility to activate which one SP-SRS set. Besides, if UE could be configured with two semi-persistent SRS resource sets with different periodicity, it also become possible that network could configure separate semi-persistent SRS for different traffic, e.g., one SP-SRS with long periodicity is configured for eMBB traffic and the other SP-SRS with short periodicity is configured for URLLC traffic. In addition, the latency of MAC CE activating another SP-SRS is also shorter than that of RRC reconfiguring another SP-SRS, it is also beneficial to the network performance. Based on the above discussion, considering reducing SRS collision probability and network latency, up to two semi-persistent SRS resource sets in addition to a periodic SRS resource set could be supported for antenna switching.

[bookmark: _Hlk79163152]Proposal 10:
Support up to two semi-persistent SRS resource sets in addition to a periodic SRS resource set for antenna switching (Alt 2).

2.3 Coverage and capacity enhancements

Maximum number of repetition symbols
In the RAN1#104bis meeting, the agreements on the SRS capacity and coverage enhancement are listed below.
	Agreement
For increased repetition in Rel-17, support the following N_symbol (number of OFDM symbols in one SRS resource) and R (repetition factor) values
· N_symbol = 8, R = {1, 2, 4, 8}
· N_symbol = 12, R = {1, 2, [3], 4, 6, 12}
· FFS the following configurations
· N_symbol = 10, R = {1, 2, 5, 10}
· N_symbol = 14, R = {1, 2, 7, 14}
· FFS options to reduce SRS BW for R>1




In the agreements, the repetition factor of 3 in the N_symbol =12 needs more discussion. And the values for the 10 and 18 SRS symbols within a slot needs further discussion. The odd number should be removed from the repetition factors considering the implementation issue. Then the repetition factor 3 could be removed from the 12 symbol candidate position case. And the 5 and 7 could be removed from the 10 positions and 14 positions cases. But for when the 5 and 7 are removed, the step size within the repetition factors are too large. Then and candidate of 4 and 8 could be considered. And the for the rest position such 2 and 6 candidate positions could be filled with other UEs SRS.

[bookmark: _Hlk79163157]Proposal 11: 
Remove the odd number of the repetition factor from the R values. And additional 4 and 8 repetitions could be considered for 10 and 14 candidate position cases.

Partial frequency sounding
	Agreement
For RB-level partial frequency sounding (RPFS) in Rel-17
· The start RB index of the  RBs in the  RBs is , where kF = {0, …, PF-1}
· FFS support start RB location (Noffset) hopping in different SRS occasions, symbols or frequency hopping periods, and if supported, detailed hopping pattern
· Support to determine PF and Noffset at least via RRC configuration per SRS resource.
· FFS whether to introduce DCI and/or MAC CE in addition

Agreement
· For RPFS in Rel-17, support PF = {2, 4}.  
· FFS  3, 8, 12, 16 or fractional numbers 
· Support at least one of the following alternatives (to be decided in RAN1#105-e)
· Alt 1: [image: ] is an integer value
· Alt 2: [image: ] is an integer value with minimum value 4
· Alt 3: [image: ] is a multiple of 4
· Alt 4: Round [image: ] to a multiple of 4 in case of Alt 1 or Alt 2





The start RB index and the RB offsets are agreed in the last meeting. But there is a proposal on the start RB location hopping per SRS occasions, symbols or frequency hopping period. As current partial frequency sounding could follow the legacy operation of SRS frequency hopping, there is no need to introduce the frequency hopping or the offset hopping within the partial bandwidth. 

[bookmark: _Hlk79163164]Proposal 12: 
No start RB location (Noffset) hopping within the partial bandwidth is introduced for the partial frequency sounding. 

RB-level partial frequency sounding was agreed with[image: ] contiguous RBs in one OFDM symbol could be sent. Once the 2,4,8 are chosen for Pf factor, 3,6,9 additional power boosting could be achieved and the coverage could be enhanced. Under this enhancement, the SRS repetitions could be reduced and the cycling period over the whole band could be shortened. There seems no strong motivation to further introduce the non-integer values of Pf. If the concern of non-integer Pf value is to keep the PRB allocation integral, the rounding operation have the same function. And compared the non-integer value of Pf with the closest integer values, the performance of power boosting is similar. Then the introduction of non-integer Pf value is not necessary. 

[bookmark: _Hlk68275732]Proposal 13:
the introduction of non-integer Pf value is not necessary.

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 14:
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 15:
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 reference slot is the slot indicated by the legacy triggering offset configured through RRC. And the option 2 is preferred.

Proposal 2:
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 3: 
The t values should present as the available slot offset, not an symbol-level offset. 

Proposal 4:
There is no need to update the trigger offset through MAC CE, since the DCI and RRC based indication of slot offset is flexible enough.

Proposal 5:
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 6:
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 7:
Support specific N values <= N_max for Rel-17 aperiodic SRS antenna switching with >4Rx (Alt 3).

Proposal 8:
The 4T6R for the SRS antenna switching should be supported considering the completeness of the specification.

Proposal 9:
For aperiodic antenna switching SRS, support to configure N resource sets, where totally K resources are distributed in the N resource sets flexibly based on RRC configuration and transmitted in different symbols.
· For 1T6R, K=6, N = 1/2/3, and each resource has 1 port.
· For 1T8R, K=8, N = 2/3/4, and each resource has 1 port.
· For 2T6R, K=3, N = 1/2, and each resource has 2 ports.
· For 2T8R, K=4, N = 1/2, and each resource has 2 ports.
· For 4T6R, K=2, N = 1, and one resource has 2 ports, the other resource has 4 ports.
· For 4T8R, K=2, N = 1, and each resource has 4 ports.

Proposal 10:
Support up to two semi-persistent SRS resource sets in addition to a periodic SRS resource set for antenna switching (Alt 2).

Proposal 11: 
Remove the odd number of the repetition factor from the R values. And additional 4 and 8 repetitions could be considered for 10 and 14 candidate position cases.

Proposal 12: 
No start RB location (Noffset) hopping within the partial bandwidth is introduced for the partial frequency sounding. 

Proposal 13:
the introduction of non-integer Pf value is not necessary.

Proposal 14:
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 15:
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.  

References
 [1] 3GPP RAN1#104bis-e, RAN1 Chairman’s Notes, April 12th – 20th, 2021.
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