3GPP TSG RAN WG1 #104b-e


R1-2102882
e-Meeting, April 12th – 20th, 2021
Agenda item:
8.1.3
Source: 
CMCC

Title: 
Enhancements on SRS flexibility, coverage and capacity
Document for:
Discussion and Decision

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
In the #103e meeting, two options are agreed for the reference slot of SRS. But in the #104e meeting, no conclusion was achieved. The two options for the reference slots are as below. 

· Opt. 1: Reference slot is the slot with the triggering DCI.
· 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.
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 last meeting, the definition of the available slot was agreed. 
	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. 

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

	Agreement

A list of t values is configured in RRC for each SRS resource set. Adopt at least one of the following for DCI indication of t.

· In DCI format 0_1/0_2 without data and without CSI request, 

· Alt 1-1: Reuse the same scheme used for DCI format 0_1/0_2/1-1/1-2 that schedules a PDSCH or PUSCH

· Alt 1-2: Re-purpose unused DCI field to indicate t

· Alt 1-3: t is indicated by a configurable DCI field, where the DCI field may contain bits from unused fields and additional bits configured by gNB

· FFS design details with other potential field(s)

· FFS: whether t can be slot offset

· In DCI format 0_1/0_2/1-1/1-2 that schedules a PDSCH or PUSCH

· Alt 2-1: t is indicated by adding a new configurable DCI field

· Alt 2-2: t is indicated without adding DCI payload

· Note: The size of DCI payload does not change dynamically

· Note: RAN1 should strive for unified solution for different DCI formats.

· FFS: The number of RRC configured t values per SRS resource set and DCI bit field size.


In the last meeting, the t value was discussed considering both in DCI format 0_1/0_2 without data and without CSI request and format 0_1/0_2/1-1/1-2 with scheduling. For the DCI without data and without CSI request, the unused DCI fields is sufficient to indicate the t value. There is no need to add new DCI bits to indicate the t value. But for the DCI format 0-1/0-2/1-1/1-2 with data scheduling, it seems that no spared bit could be used for the indication of value t. If the 2-bit field of SRS request is reused to indicate the value t, the flexibility to select different SRS resource sets or trigger lists would be lost. In addition, considering the flexibility of aperiodic transmission of SRS, the list of value t should be large enough to cover the typical configurations. For example, considering the aperiodic SRS could be sent in the any candidate uplink and flexible slot within 20ms, the candidate positions could be 12, 20 and 16 corresponding uplink and downlink configuration of 7D1S2U, DDDSUDDSUU and DDDSU with 30kHz SCS. The t value or combined with other configurations should be flexible enough to support at least 12~20 candidate positions. In this case, the design of DCI with scheduling could be challenging. 
Proposal 3: 

Considering the typical UL/DL configuration, the t value or combined with other configurations should be flexible enough to indicate at least 12~20 candidate positions. 
For the DCI format 0-1/0-2 without data and without CSI request, the Alternative 1-2 re-purposing the unused DCI field to indicate value t is preferred, which is the most efficient way. Whether use the same scheme as the DCI with scheduling, namely Alt 1-1, is depended on the design of Alt 2-1 or Alt 2-2. And the design of Alt 2-1 or Alt 2-2 should provide enough flexibility of the candidate position indication.
Proposal 4: 

Re-purposing unused DCI field to indicate t is preferred for the DCI format 0-1/0-2 without data and without CSI request. 

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.

Proposal 5: 

The t values should present slot offset, not the offset of symbol. 
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.
Proposal 6:

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
	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


Multiple categories were summarized for the repurposing the unused fields in DCI format 0_1/0_2 without data and without CSI request in the last meeting. But it seems that the scope or the candidate solutions under this agreement is too many. 

The triggering of aperiodic SRS in the DCI without data and without CSI request is to increase the opportunity of SRS transmission without the limitation of data scheduling. The function introduced for the DCI without data and without CSI request should be aligned with the DCI with data. The incremental functions compared with DCI with data should be limited. As there is no intention or need to send a DCI without data or CSI request to trigger specific functions which is not included in the DCI with data. On the other side, the payload of DCI with data should also be controlled and there is no room to add new functions within current bit fields. 

Proposal 7:

The functions introduced for aperiodic SRS triggering under DCI without data and with data should be aligned mostly.
The time domain parameters should be included to define the value t. Considering that the available slot would be defined, A-1 that based on the indication of available slot is preferred. The A-2 which indicates slot offset without considering available slot could be deprioritized. And the further tuning of SRS position at symbol level through DCI, as A-3, will increase the complexity but without explicit benefits. The SRS resource positions within a slot should be defined through RRC configurations. And the A-4 has the similar issues as A-3.
Proposal 8:

The indication of available slot position, i.e. the t values should be included in the DCI format 0-1/0-2 without data and without CSI.
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. 
Proposal 9:

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 changes. 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. 
Proposal 10:

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. 
2.2  Antenna switching up to 8Rx
In RAN1#104 e-meeting, an agreement on the SRS antenna switching was made [1]:
	Agreement
· For aperiodic antenna switching SRS, support to configure N <=N_max resource sets, where totally K resources are distributed in the N resource sets flexibly based on RRC configuration.
· For 1T6R, K=6, N_max = [4], and each resource has 1 port.
· For 1T8R, K=8, N_max = [4], and each resource has 1 port.
· For 2T6R, K=3, N_max = [3], and each resource has 2 ports.
· For 2T8R, K=4, N_max = [4], and each resource has 2 ports.
· (Working Assumption) For 4T8R, K=2, N_max = [2], and each resource has 4 ports.
· FFS the number of supported candidate values of N for each xTyR.
· FFS extension to increase N_max for 1T4R, 2T4R, T=R and 1T2R cases for aperiodic, periodic and semi-persistent SRS resources
· FFS the number of resources and resource sets for semi-persistent and periodic antenna switching SRS
· Note: SRS could be transmitted over the last 6 OFDM symbols, or over any OFDM symbols within the slot subject to UE capability.


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) 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) 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
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.
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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


We make the following proposals for SRS resource allocation for DL CSI acquisition with the new UE capabilities.

Proposal 11:

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

Proposal 12:
For aperiodic antenna switching SRS only transmitted over the last 6 OFDM symbols within the slot, 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 = 2/3, and each resource has 1 port.
· For 1T8R, K=8, N = 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 = 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 13:
For semi-persistent or periodic antenna switching SRS only transmitted over the last 6 OFDM symbols within the slot, 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, and each resource has 1 port.
· For 1T8R, K=8, N = 1, and each resource has 1 port.
· For 2T6R, K=3, N = 1, and each resource has 2 ports.
· For 2T8R, K=4, N = 1, 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.
2.2.2 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


Proposal 14:
For aperiodic antenna switching SRS transmitted over any OFDM symbols within the slot, 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 = 2, and each resource has 1 port.
· For 1T8R, K=8, N = 2, and each resource has 1 port.
· For 2T6R, K=3, N = 1, and each resource has 2 ports.
· For 2T8R, K=4, N = 1, 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 15:
For semi-persistent or periodic antenna switching SRS transmitted over any OFDM symbols within the slot, 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, and each resource has 1 port.
· For 1T8R, K=8, N = 1, and each resource has 1 port.
· For 2T6R, K=3, N = 1, and each resource has 2 ports.
· For 2T8R, K=4, N = 1, 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.
However, for the already proposed UE capabilities in Rel-15/16, i.e., 1T4R, 2T4R, T=R and 1T2R, increasing the max number of SRS resource sets for antenna switching might bring some unnecessary SRS overhead and there would also be some extra latency for DL channel acquisition, especially for aperiodic SRS resources.

Proposal 16:

The max number of antenna switching SRS resource sets for 1T4R, 2T4R, T=R and 1T2R cases for aperiodic, periodic and semi-persistent SRS resources should not be increased.

2.3 Coverage and capacity enhancements
In the RAN1#104e meeting, the agreements on the SRS capacity and coverage enhancement are listed below.
	Agreement
For Rel-17 SRS capacity and coverage enhancement, support the following
· Increase the maximum number of repetition symbols in one slot and one SRS resource to S

· Support at least one S value from {8, 10, 12, 14}
· FFS other candidate values

· Support to transmit SRS only in [image: image2.png]\SRS.Bsps



 contiguous RBs in one OFDM symbol, where [image: image3.png]MRS, Bsgs



 indicates the number of RBs configured by BSRS and CSRS
· Support at least one PF value from {2, [3], 4, 8}
· FFS other candidate values, e.g., non-integer values for PF
· Note: SRS sequence shorter than the minimum length supported in the current specification is not pursued.
· No new sequence including length is introduced
· FFS it is applicable to frequency hopping and non-frequency hopping
· FFS detailed signaling mechanism to determine PF and the location of the [image: image4.png]\SRS.Bsps



 RBs
· Support Comb 8

· Note: SRS sequence shorter than the minimum length supported in the current specification is not pursued.

· FFS whether and if needed, how to use harmonized approach to define the three supported schemes

Note: other schemes for SRS capacity and coverage enhancements are not supported in Rel-17.


Maximum number of repetition symbols
Four candidates for the maximum number of repetition symbols are agreed. Considering that the maximum symbols could be used for SRS is 14 depending on UE capabilities, the maximum 14 repetitions is feasible to extend the coverage. But there are collisions between large repetitions and transmissions of other signals, such as PUCCH. And interference from SRS to the other UEs’ PUSCH could be severe. Last but not least, the capacity of SRS could be reduced due to the almost one whole slot is allocated to one UE. Considering the performance enhancement of SRS repetition are not gained without any impact, the interference to other cells and the capacity loss should be considered. At least the maximum repetition symbols number could be extended to 8. And for the maximum number of 14, more discussion and evaluations are needed.

Propsoa1 17: 

At least 8 is supported for the maximum number of repetition symbols. Other values, such as 14, should depend on the evaluation considering the interference and capacity loss of SRS.

Partial frequency sounding
RB-level partial frequency sounding was agreed with[image: image5.png]\SRS.Bsps



 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. 

Proposal 18:

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. 
Proposal 19:

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. 

Proposal 20:
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: 

Considering the typical UL/DL configuration, the t value or combined with other configurations should be flexible enough to indicate at least 12~20 candidate positions. 
Proposal 4: 

Re-purposing unused DCI field to indicate t is preferred for the DCI format 0-1/0-2 without data and without CSI request. 
Proposal 5: 

The t values should present slot offset, not the offset of symbol. 
Proposal 6:

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 7:

The functions introduced for aperiodic SRS triggering under DCI without data and with data should be aligned mostly.

Proposal 8:

The indication of available slot position, i.e. the t values should be included in the DCI format 0-1/0-2 without data and without CSI.
Proposal 9:

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 10:

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 11:

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

Proposal 12:
For aperiodic antenna switching SRS only transmitted over the last 6 OFDM symbols within the slot, 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 = 2/3, and each resource has 1 port.
· For 1T8R, K=8, N = 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 = 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 13:
For semi-persistent or periodic antenna switching SRS only transmitted over the last 6 OFDM symbols within the slot, 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, and each resource has 1 port.
· For 1T8R, K=8, N = 1, and each resource has 1 port.
· For 2T6R, K=3, N = 1, and each resource has 2 ports.
· For 2T8R, K=4, N = 1, 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 14:
For aperiodic antenna switching SRS transmitted over any OFDM symbols within the slot, 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 = 2, and each resource has 1 port.
· For 1T8R, K=8, N = 2, and each resource has 1 port.
· For 2T6R, K=3, N = 1, and each resource has 2 ports.
· For 2T8R, K=4, N = 1, 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 15:
For semi-persistent or periodic antenna switching SRS transmitted over any OFDM symbols within the slot, 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, and each resource has 1 port.
· For 1T8R, K=8, N = 1, and each resource has 1 port.
· For 2T6R, K=3, N = 1, and each resource has 2 ports.
· For 2T8R, K=4, N = 1, 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 16:

The max number of antenna switching SRS resource sets for 1T4R, 2T4R, T=R and 1T2R cases for aperiodic, periodic and semi-persistent SRS resources should not be increased.

Propsoa1 17: 

At least 8 is supported for the maximum number of repetition symbols. Other values, such as 14, should depend on the evaluation considering the interference and capacity loss of SRS.

Proposal 18:

the introduction of non-integer Pf value is not necessary.
Proposal 19:

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 20:

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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