Page 1
3GPP TSG RAN WG1 Meeting #92			R1-1802830
Athens, Greece, February 26th – March 2nd, 2018 

[bookmark: Source][bookmark: _GoBack]Agenda item:	7.1.2.3.5
Source: 	Qualcomm Incorporated
Title: 	Maintenance for SRS
[bookmark: DocumentFor]Document for:	Discussion/Decision
Introduction
In this contribution, we provide text proposals related to SRS sections in 38.211 [2] and 38.214 [1].
Discussion on A-SRS triggering timing – RRC impact
In the NR UE feature discussion (R1-1801198) it was discussed the minimum time interval between the DCI and an A-SRS transmission. Specifically, the following was added:
	SRS transmission
	1. Minimum time interval, N in unit of symbols, between DCI triggering and A-SRS transmission, candidate value range is the same as that of N2   
Note: there is a minimal timing (42 symbols) between A-CSI-RS reception and updating of A-SRS precoding



For simplicity of UE implementation, indeed it makes sense to have the same minimum triggering timing between DCI and the A-SRS with the timing between DCI and UL PUSCH. However, additional considerations are needed for A-SRS for the following reasons:
· When it comes to DCI and UL PUSCH scheduling, even though the UE reports its capability, eventually the scheduling is happening through the DCI field (K2) which signals to the UE in which slot it should transmit the PUSCH. Such a field in the DCI does not exist for the case of A-SRS transmission. 
· A-SRS can also be triggered in DL-DCI, or in group common DCI when it comes to A-SRS triggering across CCs, which may even have a different numerology. 

There are different solutions that can be used when it comes to an A-SRS transmission timing: 
1. A simple solution would be to introduce, an SRS offset RRC parameter which can be used to configure the offset with respect to the triggering in number of slots. 
2. Another solution would be to re-use the periodicity and offset that were introduced for semi-persistent and periodic SRS resources, so that the gNB may configure to the UE the exact slot index of the aperiodic-SRS transmission.
3. For UL DCI, one solution would be to re-use the DCI field which schedules UL PUSCH (K2) to schedule also SRS. Such a solution has the problem that this would result that for PUSCH and SRS triggered with the same DCI, they can only be transmitted on the same slot. 

[bookmark: _Hlk506472012]Proposal 1: Rel-15 should support one of the following solutions for the A-SRS transmission timing:
· Option 1: Introduce a RRC parameter inside the SRS resource which configures an offset in slots between the DCI and the A-SRS resource transmission.
· Option 2: Introduce a RRC parameter which configures periodicity and offset for an A-SRS resource, similarly to the case of periodic/semi-persistent NR SRS resource.
· Option 3: For A-SRS scheduled using Format 0_1, re-use the DCI field which signals the timing gap in slots for PUSCH scheduling (K2) to schedule also A-SRS. 
· For A-SRS scheduled with Format 1_1, Option 1 or Option 2 would be sufficient. 
· For A-SRS scheduled with Format 2_3, Option 2 is needed (similarly to LTE SRS antenna switching).

A-SRS Timing considerations for SRS switching across CCs
In RAN1# 90Bis the following generic agreement was made regarding NR SRS switching among CCs:

Agreement:
· Specify NR SRS switching among CCs similar to Rel-14 LTE SRS carrier-based switching design including 
Periodic/aperiodic/semi-persistent SRS on a CC without PUCCH/PUSCH configured
TA (through PRACH) on TAG without PUSCH/PUCCH configured
Power control separated from that of PUSCH
Group common DCI for aperiodic SRS triggering and TPC
DL/UL interruptions and collision handling due to SRS switching

A-SRS switching across CCs - timing
As a background from LTE, the following text appears in 36.213 regarding the A-SRS timing for SRS switching across CCS:
The SRS resource for the n-th (n>=2) SRS transmission is determined such that it is the first SRS resource on or after the SRS resource for the (n-1)-th SRS transmission provided it does not collide with any previous SRS transmission triggered in the DCI format 3B, or interruption due to UL or DL RF retuning time [10].

In current 38.214, such statements have not been agreed, which makes the SRS switching across CCs in NR Rel-15 problematic. Specifically, special considerations are needed for NR A-SRS for switching across CCs compared to LTE due to the following two reasons.
· In NR, each CC may have different numerology, and the grant that carries the A-SRS triggering may appear on a CC which has a different numerology than the ones where the sounding will occur.
· It can be seen in the NR UE feature discussion (R1-1801198) that the minimum timing between A-SRS transmission and associated triggering is a UE capability and it is equal to N2 (i.e., the PUSCH preparation time), which is also numerology dependent as it can be seen in Tables 6.4-1 and 6.4-2 in latest 38.214 specification.
Therefore, an agreement is missing on the minimum timing gap between A-SRS transmission and associated triggering when different CCs have different numerology. Specifically, the UE, due to the fact that N2 is numerology dependent, shall not be configured to transmit an SRS on a CC earlier than 
· The summation of the time duration of N2 symbols in this CC’s numerology and the UL or DL RF retuning time.
· nor earlier than the end of previous SRS transmission, if any have occured.

Therefore, in a specification language, we make the following text proposal:
[bookmark: _Hlk506451256]Text Proposal 1 (New text in Section 6.2.1.3 in 38.214): For n-th (n>=1) aperiodic SRS transmission on a cell c, upon detection of a positive SRS request on a grant, the UE shall commence this SRS transmission on the configured symbol and slot provided 
· it is no earlier than the summation of the time duration needed for PUSCH preparation time according to Table 6.4-1 and 6.4-2 for the numerology used in the cell c, and the UL or DL RF retuning time [11, TS 38.133] as defined by higher layer parameters rf-RetuningTimeUL and rf-RetuningTimeDL, 
· it does not collide with any previous SRS transmissions, or interruption due to UL or DL RF retuning time.
otherwise, n-th SRS transmission is dropped.
A-SRS switching across CCs - transmission ordering & DCI format
As a background from LTE, the following text appears in 36.213 regarding the A-SRS ordering for SRS switching across CCs:
For a type 1 SRS triggered for more than one TDD serving cell in DCI format 3B and UE configured with more than 5 TDD serving cells without PUSCH/PUCCH transmission, the order of the triggered SRS transmission on the serving cells follow the order of the serving cells in the indicated set of serving cells configured by higher layers. 
For a type 1 SRS triggered for more than one TDD serving cell in DCI format 3B and UE configured with no more than 5 TDD serving cells without PUSCH/PUCCH transmission, the order of the triggered SRS transmission on the serving cells follow the order of the serving cells with type 1 SRS triggered in the DCI. 
We observe that in 
· 38.213 section 11.4 (SRS Switching) the concept of typeA and typeB SRS switching has been introduced (following the Rel-14 LTE approach and related agreement):

For a serving cell where a UE is not configured for PUSCH/PUCCH transmission or for a serving cell where higher layer parameter srs-pcadjustment-state-config indicates a separate power control adjustment state between SRS transmissions and PUSCH transmissions, DCI format 2_3 includes one block of bits for {SRS request, TPC command, … TPC command} fields for the UE if the UE is configured with higher layer parameter typeA-SRS-TPC-PDCCH-Group where the SRS request field applies to a set of serving cells provided by higher layer parameter cc-SetIndex and each TPC command applies to a respective serving cell index provided by higher layer parameter cc-IndexInOneCC-Set. Otherwise, if the UE is configured with higher layer parameter typeB-SRS-TPC-PDCCH-Group, DCI format 2_3 includes one or more blocks of bits for {SRS request, TPC command} as described in [5, TS 38.212] where each block applies to a serving cell. The SRS request field is not present if a value of higher layer parameter fieldTypeFormat2_3 is 0; otherwise, the SRS request field is present in DCI format 2_3. 
· and in the RRC parameter table (R1-1801276), the corresponding parameters have already been introduced:

	SRS carrier switching
	38.212, 38.213
	typeA-SRS-TPC-PDCCH-Group
	typeA-SRS-TPC-PDCCH-Group
	Indicates Type A trigger configuration for SRS transmission on a PUSCH-less SCell. Network configures the UE with either typeA-SRS-TPC-PDCCH-Group or typeB-SRS-TPC-PDCCH-Group, if any.

	SRS carrier switching
	38.212, 38.213
	typeB-SRS-TPC-PDCCH-Config
	typeB-SRS-TPC-PDCCH-Config
	Indicates Type B trigger configuration for SRS transmission on a PUSCH-less SCell. Network configures the UE with either typeA-SRS-TPC-PDCCH-Group or typeB-SRS-TPC-PDCCH-Group, if any.



However, in both 38.212 format 2_3 description (Section 7.3.1.3.4) and 38.214 (Section 6.2.1.3), changes are needed to for having a working specification. Specifically, we propose the following text similar to LTE’s description:
Text Proposal 2 (New text in Section 6.2.1.3, 38.214):For an aperiodic SRS triggered in DCI format 2_3 and UE configured with higher layer parameter typeA-SRS-TPC-PDCCH-Group without PUSCH/PUCCH transmission, the order of the triggered SRS transmission on the serving cells follow the order of the serving cells in the indicated set of serving cells configured by higher layers. 
For an aperiodic SRS triggered in DCI format 2_3 and UE configured with higher layer parameter typeB-SRS-TPC-PDCCH-Group without PUSCH/PUCCH transmission, the order of the triggered SRS transmission on the serving cells follow the order of the serving cells with aperiodic SRS triggered in the DCI. 

Text Proposal 3 (Section 7.3.1.3.4, 38.212):  If the UE is configured with higher layer parameter typeA-SRS-TPC-PDCCH-Group for an UL without PUCCH and PUSCH or an UL on which the SRS power control is not tied with PUSCH power control, one block is configured for the UE by higher layers, with the following fields defined for the block:
-	SRS request – 0 or 2 bits. The presence of this field is according to the definition in Subclause x.x of [5, TS38.213]. If present, this field is interpreted as defined by Table 7.3.1.1.2-5.
-	TPC command number –2 bits-     TPC command number 1, TPC command number 2, …, TPC command number n 
      where each TPC command applies to a respective serving cell index provided by higher layer parameter cc-IndexInOneCC-Set.

If the UE is configured with higher layer parameter typeB-SRS-TPC-PDCCH-Group for an UL without PUCCH and PUSCH or an UL on which the SRS power control is not tied with PUSCH power control, one or more blocks is configured for the UE by higher layers where each block applies to a serving cell, with the following fields defined for the block:
-	SRS request – 0 or 2 bits. The presence of this field is according to the definition in Subclause x.x of [5, TS38.213]. If present, this field is interpreted as defined by Table 7.3.1.1.2-5.
-	TPC command number –2 bits
UE Antenna switching
In RAN1#90, the following agreement was achieved: 
· For 1T2R or 2T4R antenna switching within an active BWP of a component carrier, NR supports inter-slot and intra-slot antenna switching
· The UE is configured with two SRS resources which are both 1 symbol or both 2 symbols, where
· For 1T2R: Both resources are single-port, and the port of the 2nd resource is associated with a different UE antenna than the port of the 1st resource
· For 2T4R: Both resources are 2-port, and the port pair of the 2nd resource is associated with a different UE antenna pair than the port pair of the 1st resource
· For inter-slot antenna switching, the two SRS resources are TDM’d at slot level
· For intra-slot antenna switching, the two SRS resources are TDM’d. They may be configured with a guard period of Y symbols in between to account for the Tx switching transient time (e.g., enough symbols to account for 15 us according to RAN4, based on UE capability)
· The UE does not transmit any other signal during the guard period
· For intra-slot, aperiodic triggering of the two SRS resources configured for antenna switching is supported. FFS: aperiodic triggering for inter-slot.
· NR supports 1T4R antenna switching within an active BWP of a component carrier
· The UE is configured with 4 SRS resources which are all single-symbol and single-port
· Each port of the 4 resources is associated with a different UE antenna
· FFS: Inter-/intra-slot switching
· FFS: Aperiodic triggering of the 4 SRS resources
· FFS: how to provide the eNB with UE requirements on the number of SRS resources and the number of ports per resource for the purposes of Tx antenna switching
· FFS: UE behaviour in case of power difference between primary Tx antenna(s) and secondary Rx antenna(s)

To resolve the above FFS items, we make the following proposals:
Proposal 2: On the UE-capability framework for NR SRS antenna switching within an active BWP of a component carrier:
· UE reports (as a UE capability) the sets of UE antenna ports which can be sounded on the same symbol
· For an UL MIMO capable UE, the set of antenna ports which can be sounded on the same symbol may be different depending on whether the UE is configured with UL MIMO.
· E.g., a 2T4R UE may report either two sets of 2 antennas, or 3 sets of 2, 1, and 1 antenna each, or both depending on whether it is configured with UL MIMO or not

SRS & PUSCH in a slot
Changes in 38.211
When it comes to PUSCH and SRS, in 38.211, it is added that the PUSCH will be rate matched due to SRS collision. There has not been any such agreement, and therefore it should be removed:


Text Proposal 4 (Section 6.3.1.6, 38.211): mapped in sequence starting with  to resource elements  in the virtual resource blocks assigned for transmission which meet all of the following criteria: 
-	they are in the virtual resource blocks assigned for transmission, and
-	the corresponding resource elements in the corresponding physical resource blocks are not used for transmission of the associated DM-RS, PT-RS, or SRS, or DM-RS intended for other co-scheduled UEs as described in clause 6.4.1.1.3

Changes in 38.214
There was an open FFS from the RAN1 #AH3 meeting:
Agreement
An SRS resource can be configured to occupy a location within at least the last 6 symbols in a slot.
· FFS other location in a slot or using all UL OFDM symbols in a slot depending on the results of antenna switching discussions
· From UE perspective, no FDM between SRS and short PUCCH
· From UE perspective, when PUSCH is scheduled in a slot, SRS may be configured at least after the scheduled PUSCH and the corresponding DMRS. Study further whether SRS may be configured before the scheduled PUSCH and the corresponding DMRS
Working assumption from RAN1#90 on SRS short PUCCH prioritization is confirmed

There was an agreement in previous meeting regarding PUSCH starting position:
Agreements:
For PUSCH
· PUSCH mapping type A:
· Starting symbol is symbol index #0 in a slot.
· Length of the PUSCH is at least Y symbols, up to 14 symbols
· FFS the value of Y
· PUSCH mapping type B (All 105 combinations)
· Length of the PUSCH can be 2 through 14 symbols, and with 1 symbol as a working assumption
Starting symbol can be any position within a slot, such that slot boundary is not crossed.

Based on the above agreement, it does not make sense to exclude PUSCH to be later than SRS in a slot, and therefore we propose to change the related wording in Section 6.2.1 in 38.214 as follows:
Text Proposal 5 (Section 6.2.1, 38.214): “When PUSCH and SRS are transmitted in the same slot, the UE may be configured to transmit SRS before or after the transmission of the PUSCH and the corresponding DM-RS.”

Conclusions 
Proposal 1: Rel-15 should support one of the following solutions for the A-SRS transmission timing:
· Option 1: Introduce a RRC parameter inside the SRS resource which configures an offset in slots between the DCI and the A-SRS resource transmission.
· Option 2: Introduce a RRC parameter which configures periodicity and offset for an A-SRS resource, similarly to the case of periodic/semi-persistent NR SRS resource.
· Option 3: For A-SRS scheduled using Format 0_1, re-use the DCI field which signals the timing gap in slots for PUSCH scheduling (K2) to schedule also A-SRS. 
· For A-SRS scheduled with Format 1_1, Option 1 or Option 2 would be sufficient. 
· For A-SRS scheduled with Format 2_3, Option 2 is needed (similarly to LTE SRS antenna switching).

Text Proposal 1 (New text in Section 6.2.1.3 in 38.214):  For n-th (n>=1) aperiodic SRS transmission on a cell c, upon detection of a positive SRS request on a grant, the UE shall commence this SRS transmission on the configured symbol and slot provided 
· it is no earlier than the summation of the time duration needed for PUSCH preparation time according to Table 6.4-1 and 6.4-2 for the numerology used in the cell c, and the UL or DL RF retuning time [11, TS 38.133] as defined by higher layer parameters rf-RetuningTimeUL and rf-RetuningTimeDL, 
· it does not collide with any previous SRS transmissions, or interruption due to UL or DL RF retuning time.
otherwise, n-th SRS transmission is dropped.

Text Proposal 2 (New text in Section 6.2.1.3, 38.214): For an aperiodic SRS triggered in DCI format 2_3 and UE configured with higher layer parameter typeA-SRS-TPC-PDCCH-Group without PUSCH/PUCCH transmission, the order of the triggered SRS transmission on the serving cells follow the order of the serving cells in the indicated set of serving cells configured by higher layers. 
For an aperiodic SRS triggered in DCI format 2_3 and UE configured with higher layer parameter typeB-SRS-TPC-PDCCH-Group without PUSCH/PUCCH transmission, the order of the triggered SRS transmission on the serving cells follow the order of the serving cells with aperiodic SRS triggered in the DCI. 

Text Proposal 3 (Section 7.3.1.3.4, 38.212): If the UE is configured with higher layer parameter typeA-SRS-TPC-PDCCH-Group for an UL without PUCCH and PUSCH or an UL on which the SRS power control is not tied with PUSCH power control, one block is configured for the UE by higher layers, with the following fields defined for the block:
-	SRS request – 0 or 2 bits. The presence of this field is according to the definition in Subclause x.x of [5, TS38.213]. If present, this field is interpreted as defined by Table 7.3.1.1.2-5.
-	TPC command number –2 bits
If the UE is configured with higher layer parameter typeB-SRS-TPC-PDCCH-Group for an UL without PUCCH and PUSCH or an UL on which the SRS power control is not tied with PUSCH power control, one or more blocks is configured for the UE by higher layers where each block applies to a serving cell, with the following fields defined for the block:
-	SRS request – 0 or 2 bits. The presence of this field is according to the definition in Subclause x.x of [5, TS38.213]. If present, this field is interpreted as defined by Table 7.3.1.1.2-5.
-	TPC command number –2 bits

Proposal 2: On the UE-capability framework for NR SRS antenna switching within an active BWP of a component carrier:
· UE reports (as a UE capability) the sets of UE antenna ports which can be sounded on the same symbol
· For an UL MIMO capable UE, the set of antenna ports which can be sounded on the same symbol may be different depending on whether the UE is configured with UL MIMO.
· E.g., a 2T4R UE may report either two sets of 2 antennas, or 3 sets of 2, 1, and 1 antenna each, or both depending on whether it is configured with UL MIMO or not



Text Proposal 4 (Section 6.3.1.6, 38.211): mapped in sequence starting with  to resource elements  in the virtual resource blocks assigned for transmission which meet all of the following criteria: 
-	they are in the virtual resource blocks assigned for transmission, and
-	the corresponding resource elements in the corresponding physical resource blocks are not used for transmission of the associated DM-RS, PT-RS, or SRS, or DM-RS intended for other co-scheduled UEs as described in clause 6.4.1.1.3

Text Proposal 5 (Section 6.2.1, 38.214): “When PUSCH and SRS are transmitted in the same slot, the UE may be configured to transmit SRS before or after the transmission of the PUSCH and the corresponding DM-RS.”
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