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Summary
The issues related to additional SRS symbols are listed below: 
· Issue #1: Additional SRS for SRS carrier switching
· Proposal 1: The UE is not expected to be triggered to transmit type 2 SRS on a PUSCH-less CC in subframe N that overlaps (including the retuning time) with uplink subframe N-1 on a different CC.
· Proposal 2: In case a subset of the symbols for type 2 SRS transmission in subframe N on a PUSCH-less CC collide (including the retuning time) with a higher priority uplink transmission in subframe N+1 on a different CC, the UE shall drop the subset of type 2 SRS symbols.
· Proposal 3: Agree to endorse TP1 for TS 36.213.
· Proposal 4: In case a subset of the symbols for type 2 SRS transmission on a PUSCH-less CC collide (including the retuning time) with HARQ-ACK transmission, the UE shall postpone the subset of the type 2 SRS symbol(s) once to next SRS occasion if the UE is configured with soundingRS-FlexibleTiming.
· Proposal 5: Agree to endorse TP2 for TS 36.213.
· Issue #2: Additional SRS for DC, MTC and LAA
· Proposal 6: Additoianl SRS is not applied to dual connectivity, eMTC and LAA in LTE Rel-16.
· Proposal 7: Agree to endorse TP3 for TS 36.213.
· Issue #3: UL SC-FDMA symbol for additional SRS
· Proposal 8: Agree to endorse TP4 for TS 36.211 and TP5 for TS 36.213.

[bookmark: _Toc454817967]1. Issue #1: Additional SRS for SRS carrier switching
The legacy type 0/1 SRS is only transmitted in the last symbol of a normal uplink subframe or in the symbols of UpPTS. When SRS carrier switching (CS) is applied, the legacy type 0/1 SRS on a PUSCH-less CC in subframe N may collide (including the retuning time) with the uplink transmission on a different CC in subframe N+1. The following dropping rules have been defined to deal with the collision:
· A/N, SR, RI/PTI/CRI, PRACH > A-SRS with CS > other aperiodic CSI > P-SRS with CS > other CSI > SRS without CS 
The type 2 SRS can be configured on 1st-13th symbols of an UL subframe. If SRS CS is applied to type 0/1 SRS on CC1 in subframe N but type 2 SRS without CS is on CC0 in subframe N+1, the requierd retuning time (e.g., 0~7 symbols based on higher layer parameter retuningTimeInfoBandList)  results in the collision between subframe N and N+1, as illustrated in Figure 1. 
· For the collision between subframe N and subframe N+1, the defined dropping rules can be applied. If the dropping rules lead to type 2 SRS dropping, the UE only needs to drop the overlapped symbol(s) (including the retuning time).
[image: ]
Figure 1 Type 0/1 SRS with CS colliding with type 2 SRS without CS 

If SRS CS is applied to type 2 SRS on CC1 in subframe N, it may have impact on the uplink transmission on CC0 in subframe N-1 and N+1, as illustrated in Figure 2. 
· For the collision between subframe N and N+1, the defined dropping rules can be applied as well. If the dropping rules lead to type 2 SRS dropping, e.g., due to the higher priority HARQ-ACK, the UE only needs to drop the overlapped symbol(s) (including the retuning time).
· For the collision between subframe N and N-1, there is a risk of no time to prepare retuning due to the timeline of PDCCH processing, e.g., PDCCH at N-4 to trigger type 2 SRS would require retuning in subframe N-1 if type 2 SRS starts from beginning of subframe N. Therefore, we propose to avoid it by eNB scheduling.
[image: ]
Figure 2 Type 2 SRS with CS colliding with PUSCH in subframe N-1/N+1 

Therefore, we propose:
[bookmark: _Hlk40253789]Proposal 1: The UE is not expected to be triggered to transmit type 2 SRS on a PUSCH-less CC in subframe N that overlaps (including the retuning time) with uplink subframe N-1 on a different CC.
Proposal 2: In case a subset of the symbols for type 2 SRS transmission in subframe N on a PUSCH-less CC collide (including the retuning time) with a higher priority uplink transmission in subframe N+1 on a different CC, the UE shall drop the subset of type 2 SRS symbols.
The corresponding changes for Sect. 8.2 of TS 36.213 are given in TP1.
Proposal 3: Agree to endorse TP1 for TS 36.213.

	<TP1 for TS 36.213>
8.2	UE sounding procedure
< Unchanged parts are omitted>
For a TDD serving cell d not configured for PUSCH/PUCCH transmission, denote as s0(d) the corresponding serving cell whose UL transmissions may be interrupted as signalled by srs-SwitchFromServCellIndex. Define the set S(d)= {s0(d)… sN-1(d)} as the set of serving cells that meet the all the following conditions:
-	{s0(d)… sN-1(d)} are in the same band as s0(d).
-	{s0(d)… sN-1(d)} have the same CP as s0(d).
-	{s0(d)… sN-1(d)} are in the same TAG as s0(d).
The following prioritization rules shall be applied in case of collision between a transmission of SRS over serving cell d and transmission of a physical signal/channel over a serving cell in set S(d)::
-	If PUSCH/PUCCH transmission carrying HARQ-ACK/positive SR/RI/PTI/CRI/wideband PMI only (PUCCH reporting type 2a in Subclause 7.2.2) and/or PRACH on a serving cell in set S(d) overlaps in the same symbol with the SRS transmission (including any interruption due to uplink or downlink RF retuning time [10]) on serving cell d, then the UE shall not transmit type 0/1 SRS or drop the overlapped symbol(s) of type 2 SRS (including any interruption due to uplink or downlink RF retuning time [10]). Otherwise,
-	if PUSCH transmission carrying aperiodic CSI on a serving cell in set S(d) overlaps in the same symbol with the SRS transmission (including any interruption due to uplink or downlink RF retuning time [10]) in serving cell d, and if the SRS transmission is a type 0 SRS transmission, then the UE shall not transmit the type 0 SRS. Otherwise,
-	if PUSCH transmission on a serving cell in set S(d) overlaps in more than one symbol with the SRS transmission (including any interruption due to uplink or downlink RF retuning time [10]) in serving cell d, then the UE shall drop the PUSCH transmission. If PUCCH/type 0/1 SRS transmission on a serving cell in set S(d) overlaps in the same symbol with the SRS transmission (including any interruption due to uplink or downlink RF retuning time [10]) on serving cell d, the UE shall drop the PUCCH/type 0/1 SRS transmission. If a subset of symbol(s) for type 2 SRS transmission on a serving cell in set S(d) overlaps in with the SRS transmission (including any interruption due to uplink or downlink RF retuning time [10]) on serving cell d, the UE shall drop the subset of the symbol(s) for type 2 SRS on a serving cell in set S(d).
In case an SRS transmission in subframe N on serving cell d is dropped due to a collision with a higher priority transmission (as defined above) in subframe N+1, and there is a lower priority transmission (as defined above) in subframe N that would have been dropped had the transmission in subframe N+1 not occurred, the UE is not required to transmit the lower priority transmission in subframe N.
[bookmark: _Hlk40253469]The UE is not expected to be triggered to transmit type 2 SRS on serving cell d in subframe N that overlaps (including any interruption due to uplink or downlink RF retuning time [10]) with uplink subframe N-1 on a serving cell in set S(d).
< Unchanged parts are omitted>



In many cases that A-SRS is triggered by a DL grant, the UL HARQ-ACK collides with SRS transmission (which would lead to SRS always being dropped). For SRS carrier switching, the UE can be configured with flexible SRS timing (soundingRS-FlexibleTiming). 
If soundingRS-FlexibleTiming is ON, 
· The legacy way is that if type 1 SRS with CS collides with HARQ-ACK transmission (including retuning time), the UE will postpone type 1 SRS once to next SRS occasion (After postponing, if there is a new collision the SRS is dropped according to the dropping rules), as illustrated in Figure 3(a).
· If following the legay way, in case of type 2 SRS with CS colliding with HARQ-ACK transmission (including retuning time), the UE will postpone the overlapped symbols of type 2 SRS once to next SRS occasion, as illustrated in Figure 3(b).
[image: ]
(a) Type 1 SRS with carrier switching
[image: ]
(b) Type 2 SRS with carrier switching
Figure 3 UE with SRS flexible timing 

Proposal 4: In case a subset of the symbols for type 2 SRS transmission on a PUSCH-less CC collide (including the retuning time) with HARQ-ACK transmission, the UE shall postpone the subset of the type 2 SRS symbol(s) once to next SRS occasion if the UE is configured with soundingRS-FlexibleTiming.
The corresponding change for Sect. 8.2 of TS 36.213 is given in TP2.
Proposal 5: Agree to endorse TP2 for TS 36.213.

	<TP2 for TS 36.213>
8.2	UE sounding procedure
< Unchanged parts are omitted>

For a serving cell that is not a LAA SCell, a non-BL/CE UE configured for type 1/2 triggered SRS transmission on serving cell c upon detection of a positive SRS request in subframe n, slot 2n or slot 2n+1 of serving cell c shall commence SRS transmission in the first subframe satisfying , and 

-	 if the positive SRS request in PDCCH/SPDCCH with DCI format 7-0A/7-1A is detected in slot 2n or slot 2n+1, for TDD

-	 if the UE is configured with higher layer parameter shortProcessingTime and the corresponding PDCCH with CRC scrambled by C-RNTI with DCI format other than DCI format 7-0A/7-0B/7-1E/7-1F/7-1G is in the UE-specific search space, 

-	otherwise, and
[image: ] for TDD serving cell c with [image: ] and for FDD serving cell c, 
[image: ] for TDD serving cell c with [image: ]
[bookmark: _Hlk40253367]where for FDD serving cell c [image: ] is the subframe index within the frame [image: ], for TDD serving cell c, if the UE is configured with the parameter srs-UpPtsAdd for trigger type 1, [image: ] is defined in Table 8.2-6; otherwise [image: ] is defined in Table 8.2-3. For a TDD serving cell not configured for PUSCH/PUCCH transmission and the positive SRS request detected in PDCCH/EPDCCH scheduling PDSCH and the UE configured with soundingRS-FlexibleTiming-r14 by higher layer signalling, if the type 1 SRS transmission (including any interruption due to uplink or downlink RF retuning time [10]) in the first subframe [image: ] happens to overlap with a HARQ-ACK transmission for any serving cell, the UE shall commence type 1 SRS transmission in subframe n + k + l, where l = max( 5, [image: ]); if a subset of the symbols corresponding to the type 2 SRS transmission (including any interruption due to uplink or downlink RF retuning time [10]) in the first subframe ,  happen to overlap with a HARQ-ACK transmission for any serving cell, the UE shall commence the transmission of the subset of the type 2 SRS symbols in subframe , where .
< Unchanged parts are omitted>



[bookmark: _Toc454818195]2. Issue #2: Additional SRS for DC, MTC and LAA
The remaining issues from last RAN1 e-meeting include:
· Whether to support additional SRS for dual connectivity
· DC scheduling between MCG and SCG requires coordination over X2 interface. It would be difficult to deal with the collision between additional SRS and PUCCH/PUSCH in DC. 
· Whether to support additional SRS for BL/CE UEs
· BL/CE UEs with CEMode A can support legacy SRS transmission. Due to limited bandwidth, the BL/CE UEs will use frequency hopping to achieve the frequency diversity gain, which requires RF retuning. However, RAN1 has not discussed the potential impact on the retuning and RF requirement if BL/CE UEs support additioanl SRS.
· Whether to support additional SRS for LAA UEs
· For LAA UEs, if additional SRS is triggered to be transmitted in the unlicensed band, there may be impact on the channel access before the additional SRS transmission. However, RAN1 has not discussed the potential impact on any related issues.
Considering the above reasons, we propose
Proposal 6: Additoianl SRS is not applied to dual connectivity, eMTC and LAA in LTE Rel-16.
Proposal 7: Agree to endorse TP3 for TS 36.213.
	<TP3 for TS 36.213>
< Unchanged parts are omitted>
[bookmark: _Toc415085434]5.1.4	Power allocation for EUTRA dual connectivity
If a UE is configured with multiple cell groups, the UE is not expected to be configured with SRS trigger type 2, and
-	if the UE supports synchronous dual connectivity but does not support asynchronous dual connectivity, or if the UE supports both synchronous dual connectivity and asynchronous dual connectivity and if the higher layer parameter powerControlMode indicates dual connectivity power control mode 1
< Unchanged parts are omitted>
8.2	UE sounding procedure
< Unchanged parts are omitted>
A UE is not expected to be configured with SRS trigger type 0 and trigger type 2 on a LAA SCell.
< Unchanged parts are omitted>
-	A UE may be configured with SRS parameters for trigger type 0 and trigger type 1/2 on each serving cell. A BL/CE UE configured with CEModeB is not expected to be configured with SRS parameters for trigger type 0 and trigger type 1. A BL/CE UE is not expected to be configured with SRS parameters for trigger type 2. The following SRS parameters are serving cell specific and semi-statically configurable by higher layers for trigger type 0 and for trigger type 1/2.
< Unchanged parts are omitted>



3. Issue #3: UL SC-FDMA symbol for additional SRS 
In TS 36.211, ‘SC-FDMA symbol’ is used for the definition of a UL symbol. For example: 

“	Number of SC-FDMA symbols in an uplink slot”
In TS 36.213, ‘SC-FDMA symbol’ is also used for legacy SRS parameters. For example: 
“srs-UpPtsAdd: two or four additional SC-FDMA symbols in UpPTS as defined in [11] for trigger type 0 and trigger type 1, if configured”

Therefore, it would be better to change ‘OFDM symbol’ to ‘SC-FDMA symbol’ for additional SRS in TS 36.211 and TS 36.213 to align with the definition of  and  used for legacy UL channels/RS.
Proposal 8: Agree to endorse TP4 for TS 36.211 and TP5 for TS 36.213.
	<TP4 for TS 36.211>
< Unchanged parts are omitted>
5.5.3.1.2	Sequence generation for additional SRS
The sounding reference signal  is defined by clause 5.5.3.1.1 with the following exceptions
-	 is given by the higher-layer parameter additionalSRS-cyclicShift
-	 is given by the higher-layer parameter additionalSRS-AntennaPort
-	 is given by the higher-layer parameter additionalSRS-transmissionComb
-	the function  in clause 5.5.1.3 is given by

	where  is the OFDM SC-FDMA symbol index within the slot  and  is the number of OFDM SC-FDMA symbols per slot
-	the function  in clause 5.5.1.4 is given by

< Unchanged parts are omitted>
5.5.3.2.2	Mapping to physical resources for additional SRS
An additional SRS spans one or more OFDM SC-FDMA symbols in the time domain, where
-	the starting SC-FDMA OFDM symbol  within the subframe is given by the higher-layer parameter additionalSRS-startPos;
-	the duration  in number of SC-FDMAOFDM symbols, including potential guard symbols, is given by the higher-layer parameter additionalSRS-duration;
Mapping to physical resources shall be done according to clause 5.5.3.2.1 with the following exceptions:
-	frequency hopping between SC-FDMAOFDM symbols is supported and if a UE is configured by higher layer parameter additionalSRS-GuardSymbolFH, a guard symbol is added between every frequency hop;
-	antenna switching within a subframe is supported and if a UE is configured by higher layer parameter additionalSRS-GuardSymbolAS, a guard symbol is added between every antenna switching;
-	 where  is the index of the SC-FDMAOFDM symbol number carrying additional SRS within the subframe not counting guard symbol(s), and  is the repetition factor given by the higher-layer parameter additionalSRS-RepNum;
< Unchanged parts are omitted>



	<TP5 for TS 36.213>
8.2	UE sounding procedure
< Unchanged parts are omitted>
· Starting SC-FDMAOFDM symbol  and duration  and repetition number  as defined in Subclause 5.5.3.2.2 of [3] for each configuration of SRS trigger type 2.
< Unchanged parts are omitted>
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