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1. DP#1: Discussion on SRS collision with different types
In LTE, when periodic and aperiodic SRS transmissions occur in the same subframe, it is specified to transmit only aperiodic SRS, as shown below in 36.213[1]:
	<36.213>
8.2
UE sounding procedure
--------------- Omitted -------------
In case both trigger type 0 and trigger type 1 SRS transmissions would occur in the same subframe in the same serving cell, the UE shall only transmit the trigger type 1 SRS transmission.


Similar principle should be maintained in NR as well, such that priority rules according to different timing behaviors need to be specified for SRS resources configured in multiple SRS resource sets. Specifically, it seems sufficient that aperiodic SRS resources has higher priority than semi-persistent and periodic SRS resources, and semi-persistent SRS resources has higher priority than periodic SRS resources. 
For the SRS resource sets with the same timing behavior, priority rules according to the SRS-SetUse for SRS resource set can be considered. For example, SRS resources in a SRS resource set which SRS-SetUse is set to ‘beam management’ can have higher priority than SRS resources in a SRS resource set configured as other SRS-SetUse – NonCodebook, Codebook, or antenna switching.
In NR, guard period is defined between SRS resources for antenna switching, and UE behavior should be defined when the SRS transmission and the guard period in different SRS resource sets occur in the same symbol. For example, collision between guard period and other SRS symbol can be treated as the collision between multiple SRS symbols. In this case, the priority for guard period follows the SRS resource set where the guard period is configured in. In addition, considering that guard period is introduced for the transmission of the associated SRS resources for antenna switching, SRS transmission symbols associated with the guard period should also be dropped when the guard period is dropped.
Proposal: When SRS transmissions of multiple SRS resources occur in the same symbol, the following priority rules are defined for collision handling, and only the symbol(s) with lower priority is dropped:
· For SRS resource set with different timing behaviors: Aperiodic SRS > Semi-persistent SRS > Periodic SRS

· For SRS resource set with the same timing behavior: SRS for beam management > SRS for other usages configured by SRS-SetUse
· The priority for guard period follows the SRS resource set where the guard period is configured in. When a symbol in the guard period should be dropped, the associated SRS transmissions for the same SRS resource set are dropped as well.

2. DP#2: Discussion on intra-slot hopping for aperiodic SRS

In #90bis, agreements on frequency hopping for aperiodic SRS were made as follow[2], where incomplete parts in current TS38.211 to be discussed in this contribution are highlighted in green:
	· For an N = 2 or 4 symbol aperiodic SRS resource, NR supports intra-slot hopping within a BWP

· Note: all N OFDM symbols are adjacent and within the same slot by definition of an SRS resource

· When frequency hopping only is configured

· In each of the N OFDM symbols of the SRS resource, an equal-size subband of the hopping bandwidth is sounded, and the full hopping bandwidth is sounded across the N OFDM symbols
· For N = 4, when frequency hopping + repetition is configured

· In each pair of OFDM symbols of the SRS resource, an equal-size subband of the hopping bandwidth is sounded, and the full hopping bandwidth is sounded across the two pairs of OFDM symbols
· The NR hopping formula design uses the LTE hopping formula as a starting point


According to the agreement above, the full hopping bandwidth should be sounded across the N(=
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) OFDM symbols or two pairs of OFDM symbols for intra-slot hopping in case of aperiodic SRS resource, but it cannot be supported in some configuration cases in the current specification. 
In section 6.4.1.4.3 of the current TS38.211 specification [3], frequency hopping formula for SRS is described as follows:
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and where 
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 counts the number of SRS transmissions. For the case of an SRS resource configured as aperiodic by the higher layer parameter SRS-ResourceConfigType, it is given by 
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 symbol SRS resource is transmitted.
In addition, SRS bandwidth configuration is defined as follows:

Table 6.4.1.4.3-1: SRS bandwidth configuration.
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	0
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	1

	1
	8
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	2
	4
	1
	4
	1

	2
	12
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	4
	3
	4
	1
	4
	1

	3
	16
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	4
	4
	4
	1
	4
	1

	4
	16
	1
	8
	2
	4
	2
	4
	1

	5
	20
	1
	4
	5
	4
	1
	4
	1

	6
	24
	1
	4
	6
	4
	1
	4
	1

	7
	24
	1
	12
	2
	4
	3
	4
	1

	8
	28
	1
	4
	7
	4
	1
	4
	1

	9
	32
	1
	16
	2
	8
	2
	4
	2

	10
	36
	1
	12
	3
	4
	3
	4
	1

	11
	40
	1
	20
	2
	4
	5
	4
	1

	12
	48
	1
	16
	3
	8
	2
	4
	2

	13
	48
	1
	24
	2
	12
	2
	4
	3

	14
	52
	1
	4
	13
	4
	1
	4
	1

	15
	56
	1
	28
	2
	4
	7
	4
	1

	16
	60
	1
	20
	3
	4
	5
	4
	1

	17
	64
	1
	32
	2
	16
	2
	4
	4

	18
	72
	1
	24
	3
	12
	2
	4
	3

	19
	72
	1
	36
	2
	12
	3
	4
	3

	20
	76
	1
	4
	19
	4
	1
	4
	1

	21
	80
	1
	40
	2
	20
	2
	4
	5

	22
	88
	1
	44
	2
	4
	11
	4
	1

	23
	96
	1
	32
	3
	16
	2
	4
	4

	24
	96
	1
	48
	2
	24
	2
	4
	6

	25
	104
	1
	52
	2
	4
	13
	4
	1

	26
	112
	1
	56
	2
	28
	2
	4
	7

	27
	120
	1
	60
	2
	20
	3
	4
	5

	28
	120
	1
	40
	3
	8
	5
	4
	2

	29
	120
	1
	24
	5
	12
	2
	4
	3

	30
	128
	1
	64
	2
	32
	2
	4
	8

	31
	128
	1
	64
	2
	16
	4
	4
	4

	32
	128
	1
	16
	8
	8
	2
	4
	2

	33
	132
	1
	44
	3
	4
	11
	4
	1

	34
	136
	1
	68
	2
	4
	17
	4
	1

	35
	144
	1
	72
	2
	36
	2
	4
	9

	36
	144
	1
	48
	3
	24
	2
	12
	2

	37
	144
	1
	48
	3
	16
	3
	4
	4

	38
	144
	1
	16
	9
	8
	2
	4
	2

	39
	152
	1
	76
	2
	4
	19
	4
	1

	40
	160
	1
	80
	2
	40
	2
	4
	10

	41
	160
	1
	80
	2
	20
	4
	4
	5

	42
	160
	1
	32
	5
	16
	2
	4
	4

	43
	168
	1
	84
	2
	28
	3
	4
	7

	44
	176
	1
	88
	2
	44
	2
	4
	11

	45
	184
	1
	92
	2
	4
	23
	4
	1

	46
	192
	1
	96
	2
	48
	2
	4
	12

	47
	192
	1
	96
	2
	24
	4
	4
	6

	48
	192
	1
	64
	3
	16
	4
	4
	4

	49
	192
	1
	24
	8
	8
	3
	4
	2

	50
	208
	1
	104
	2
	52
	2
	4
	13

	51
	216
	1
	108
	2
	36
	3
	4
	9

	52
	224
	1
	112
	2
	56
	2
	4
	14

	53
	240
	1
	120
	2
	60
	2
	4
	15

	54
	240
	1
	80
	3
	20
	4
	4
	5

	55
	240
	1
	48
	5
	16
	3
	8
	2

	56
	240
	1
	24
	10
	12
	2
	4
	3

	57
	256
	1
	128
	2
	64
	2
	4
	16

	58
	256
	1
	128
	2
	32
	4
	4
	8

	59
	256
	1
	16
	16
	8
	2
	4
	2

	60
	264
	1
	132
	2
	44
	3
	4
	11

	61
	272
	1
	136
	2
	68
	2
	4
	17

	62
	272
	1
	68
	4
	4
	17
	4
	1

	63
	272
	1
	16
	17
	8
	2
	4
	2


From the above, full SRS bandwidth cannot be sounded within a slot for aperiodic SRS when configured with some values of 
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, and full bandwidth cannot be sounded within a slot assuming 
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Figure 1. Example that aperiodic SRS cannot sound the whole SRS bandwidth with intra-slot hopping
Considering above, following alternatives can be considered:
Alt 1. SRS subband size and the number of SRS subbands for intra-slot hopping are determined by evenly dividing the SRS bandwidth 
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 values can be modified for intra-slot hopping aperiodic SRS considering to 
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corresponding to the configured value of 
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. This alternative can provide intra-slot hopping for aperiodic SRS which can support full sounding of all configurable SRS bandwidth within a slot.
Alt 2. An offset is provided for the SRS counter as 
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This alternative can be used to cover whole SRS bandwidth with multiple SRS transmissions across multiple slots with different SRS counter offset. Offset value can be signaled explicitly to the UE, or can be determined by the timing such as slot number of the SRS transmission or the number of transmitted SRS in order to reduce the signaling overhead.
Alt 3. A UE is not expected to be configured with an aperiodic SRS resource with intra-slot hopping that cannot sound the full SRS bandwidth within a slot.
For this alternative, gNB does not configure an aperiodic SRS resource with 
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∈{5, 6, 8, 14, 20, 29, 32, 38, 42, 49, 55, 56, 59, 63}, which causes the issues not supporting the full SRS bandwidth hopping within a slot.
Alt 4. Override 
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This alternative is similar to alt 3, but with the UE behaviour when such inappropriate SRS configuration with 
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∈{5, 6, 8, 14, 20, 29, 32, 38, 42, 49, 55, 56, 59, 63} is given to the UE. In this alternative, a UE automatically interprets the configured 
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Among above alternatives, Alt 1 seems more reasonable since full SRS bandwidth can be covered with intra-hopping aperiodic SRS within a slot, regardless of the configuration, so that we provide the text proposal on 38.211 based on Alt 1 as follow:

	<DP#2: Text proposal on 38.211>

6.4.1.4.3
Mapping to physical resources

When SRS is transmitted on a given SRS resource, the sequence 
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, frequency hopping is enabled and the frequency position indices 
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 counts the number of SRS transmissions. For the case of an SRS resource configured as aperiodic by the higher layer parameter SRS-ResourceConfigType, it is given by 
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For the case of an SRS resource configured as periodic or semi-persistent by the higher layer parameter SRS-ResourceConfigType, the SRS counter is given by
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3. DP#3: Correction on beam association by SRS in SRS-SpatialRelationInfo 
In RAN1#89 meeting, the followings for UL beam management are agreed, for which the higher-layer parameter SRS-SpatialRelationInfo can be configured for a SRS resource as a beam association to the another SRS resource:
	Agreements:
· When UE beam correspondence is not hold, 

· NR supports a UL RS indication for a configured SRS resource, where UE transmits the SRS using the beam used for transmitting the indicated UL RS

· The UL RS indication can be SRI (SRS resource indicator), at least

· FFS: The indication via MAC CE and/or DCI


In current specification, any type of SRS resource according to SRS-SetUse can be indicated by the higher layer parameter SRS-SpatialRelationInfo for the spatial relation reference to a target SRS resource. However, considering the above agreement targeted when UE beam correspondence is not hold, the SRS resource that can be indicated as a spatial relation reference seems desired to be limited to the SRS resource configured with SRS-SetUse set to “BeamManagement” only, since it doesn’t make any sense that other type of SRS resource configured for codebook/non-codebook-based UL or for antenna switching can be the spatial relation reference by the higher layer parameter SRS-SpatialRelationInfo.

According to the discussion, we provide the text proposal on 38.214 as follow:
	<DP#3: Text proposal on 38.214>

6.2.1
UE sounding procedure

--------------- Unchanged parts omitted -------------

The following SRS parameters are semi-statically configurable by higher layer parameter SRS-ResourceConfig: 

-
SRS-ResourceConfigId determines SRS resource configuration identity.

-
Number of SRS ports as defined by the higher layer parameter NrofSRS-Ports in Subclause 6.4.1.4 of [4, TS 38.211].

-
Time domain behaviour of SRS resource configuration as indicated by the higher layer parameter SRS-ResourceConfigType, which can be periodic, semi-persistent, aperiodic SRS transmission as defined in Subclause 6.4.1.4 of [4, TS 38.211].

-
Slot level periodicity and slot level offset as defined by the higher layer parameter SRS-SlotConfig for an SRS resource of type periodic or semi-persistent.

-
Number of OFDM symbols in the SRS resource, starting OFDM symbol of the SRS resource within a slot including repetition factor R as defined by the higher layer parameter SRS-ResourceMapping in Subclause 6.4.1.4 of [4, TS 38.211].

-
SRS bandwidth 
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and 
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, as defined by the higher layer parameter SRS-FreqHopping in Subclause 6.4.1.4 of [4, TS 38.211].

-
Frequency hopping bandwidth, 
[image: image102.wmf]hop

b

, as defined by the higher layer parameter SRS-FreqHopping in Subclause 6.4.1.4 of [4, TS 38.211].

-
Defining frequency domain position and configurable shift to align SRS allocation to 4 PRB grid, as defined by the higher layer parameter SRS-FreqDomainPosition in Subclause 6.4.1.4 of [4, TS 38.211].

-
Cyclic shift, as defined by the higher layer parameter SRS-CyclicShiftConfig in Subclause 6.4.1.4 of [4, TS 38.211].

-
Transmission comb value and comb offset as defined by the higher layer parameter SRS-TransmissionComb in Subclause 6.4.1.4 of [4].

-
SRS sequence ID as defined by the higher layer parameter SRS-SequenceId in Subclause 6.4.1.4 of [4].

-
The configuration of the spatial relation between a reference RS which can be an SSB/PBCH, CSI-RS or an SRS configured with higher layer parameter SRS-SetUse set to “BeamManagement”, and the target SRS is indicated by the higher layer parameter SRS-SpatialRelationInfo.


4. DP#4: Correction on SRS initial beam sweeping for cases without SRS-SpatialRelationInfo
In RAN1#90bis meeting, the followings for UL beam management are agreed as a part (Slide 3) of the WF R1-1719059:

	Agreements (R1-1719059, Slide 3):
· For UL beam management, 

· NR supports gNB configuration of transmitting SRS with same Tx beam across multiple symbols via either of followings

· configuring one SRS resource spanning multiple symbols 

· configuring UE to apply the same Tx beam across the SRS resources in a SRS resource set.

· UE can apply different Tx beams to different SRS resources if it is not configured to apply the same Tx beam across SRS resources in a SRS resource set, where the beams can be determined either (1) via a gNB-transparent way, or (2) via gNB indication.


Highlighted part in the above agreement is made for the UE-side SRS Tx beam determination for initial beam sweeping for UL beam management to guarantee that gNB can select the best beam among the different UE Tx beams. This agreed UE behavior is essential to the UL beam management procedure, and should be correctly captured in the specification. Hence, we provide the text proposal on 38.214 according to the discussion as follow:
	<DP#4: Text proposal on 38.214>

6.2.1
UE sounding procedure

The UE can be configured with one or more Sounding Reference Symbol (SRS) resource sets as configured by the higher layer parameter SRS-ResourceSetConfig. For each SRS resource set, a UE may be configured with 
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SRS resources (higher later parameter SRS-ResourceConfig), where the maximum value of K is indicated by [SRS_capability [13, 38.306]]. The SRS resource set applicability is configured by the higher layer parameter SRS-SetUse. When the higher layer parameter SRS-SetUse is set to 'BeamManagement', only one SRS resource in each of multiple SRS sets can be transmitted at a given time instant. When the higher layer parameter SRS-SetUse is set to ‘BeamManagement’ for a configured SRS resource set and when any of the SRS resources within the SRS resource set are not configured with higher layer parameter SRS-SpatialRelationInfo, UE should apply independent spatial domain transmission filter for each configured SRS resource. The SRS resources in different SRS resource sets can be transmitted simultaneously.


5. DP#5: Correction on SRS with same TX beam across multiple symbols.
In RAN1#90bis meeting, the followings for UL beam management are agreed as a part (Slide 3) of the WF R1-1719059:

	Agreements (R1-1719059, Slide 3):
· For UL beam management, 

· NR supports gNB configuration of transmitting SRS with same Tx beam across multiple symbols via either of followings

· configuring one SRS resource spanning multiple symbols 

· configuring UE to apply the same Tx beam across the SRS resources in a SRS resource set.

· UE can apply different Tx beams to different SRS resources if it is not configured to apply the same Tx beam across SRS resources in a SRS resource set, where the beams can be determined either (1) via a gNB-transparent way, or (2) via gNB indication.


Highlighted part in the above agreement is made for the gNB-side rx beam determination assuming that the UE-side tx beam is fixed within one SRS resource spanning multiple symbols, which needs to be correctly captured in the specification but is currently missing. This UE behavior is essential to the UL beam management procedure, thus we provide the text proposal on 38.214 according to the discussion as follow:
	<DP#5: Text proposal on 38.214>

6.2.1
UE sounding procedure

The UE can be configured with one or more Sounding Reference Symbol (SRS) resource sets as configured by the higher layer parameter SRS-ResourceSetConfig. For each SRS resource set, a UE may be configured with [image: image104.wmf]1
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SRS resources (higher later parameter SRS-ResourceConfig), where the maximum value of K is indicated by [SRS_capability [13, 38.306]]. The SRS resource set applicability is configured by the higher layer parameter SRS-SetUse. When the higher layer parameter SRS-SetUse is set to 'BeamManagement', only one SRS resource in each of multiple SRS sets can be transmitted at a given time instant. UE should apply the same spatial domain transmission filter on different OFDM symbols for a SRS resource. The SRS resources in different SRS resource sets can be transmitted simultaneously. 


6. DP#6: Correction on slot-level offset for aperiodic SRS resource set
In RAN1#92 meeting, agreements on slot offset for aperiodic SRS was made as follow [4] and captured in 38.331[5]
	Agreement (New RRC parameter):
· The slot offset with respect to DCI that triggers an SRS resource set is higher layer configured in a per SRS resource set

· FFS: Details on the support for aperiodic SRS for 1T4R


However, it is not correctly captured in 38.214, so that we provide the text proposal on 38.214 as follows, including related modification on another bullet on periodic/semi-persistent as well for consistency in description:
	<DP#6: Text proposal on 38.214>

6.2.1
UE sounding procedure

--------------- Unchanged parts omitted -------------

The following SRS parameters are semi-statically configurable by higher layer parameter SRS-ResourceConfig: 

-
SRS-ResourceConfigId determines SRS resource configuration identity.

-
Number of SRS ports as defined by the higher layer parameter NrofSRS-Ports in Subclause 6.4.1.4 of [4, TS 38.211].

-
Time domain behaviour of SRS resource configuration as indicated by the higher layer parameter SRS-ResourceConfigType, which can be periodic, semi-persistent, aperiodic SRS transmission as defined in Subclause 6.4.1.4 of [4, TS 38.211].

-
Slot level periodicity and slot level offset as defined by the higher layer parameter SRS-SlotConfig for an SRS resource configured in an SRS resource set of type periodic or semi-persistent.
-
Slot level offset as defined by the higher layer parameter slotOffset for an SRS resource set of type aperiodic.
-
Number of OFDM symbols in the SRS resource, starting OFDM symbol of the SRS resource within a slot including repetition factor R as defined by the higher layer parameter SRS-ResourceMapping in Subclause 6.4.1.4 of [4, TS 38.211].

-
SRS bandwidth 
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, as defined by the higher layer parameter SRS-FreqHopping in Subclause 6.4.1.4 of [4, TS 38.211].

-
Frequency hopping bandwidth, 
[image: image107.wmf]hop

b

, as defined by the higher layer parameter SRS-FreqHopping in Subclause 6.4.1.4 of [4, TS 38.211].

-
Defining frequency domain position and configurable shift to align SRS allocation to 4 PRB grid, as defined by the higher layer parameter SRS-FreqDomainPosition in Subclause 6.4.1.4 of [4, TS 38.211].

-
Cyclic shift, as defined by the higher layer parameter SRS-CyclicShiftConfig in Subclause 6.4.1.4 of [4, TS 38.211].

-
Transmission comb value and comb offset as defined by the higher layer parameter SRS-TransmissionComb in Subclause 6.4.1.4 of [4].

-
SRS sequence ID as defined by the higher layer parameter SRS-SequenceId in Subclause 6.4.1.4 of [4].

-
The configuration of the spatial relation between a reference RS which can be an SSB/PBCH, CSI-RS or an SRS and the target SRS is indicated by the higher layer parameter SRS-SpatialRelationInfo.


___________________________________________________________________
7. Reference
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