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1. Introduction
In RAN#71 a new work item (WI) named SRS Carrier Based Switching for LTE [1] was introduced. The objective of this WI is to support SRS transmission in CC with no UL transmission. In this contribution we present our views on how collision between different carriers can be handled.
In RAN1#85 the following agreements were reached regarding collision handling:
Agreement:
· To handle collision due to SRS carrier-based switching
· Define priority/dropping rules by taking into account the factors including periodic/aperiodic SRS type, channel/UCI type, and PCell/SCell type
· Rel-13 collision handling rules between SRS and other UL transmissions as baseline, taking into account switching time based on input from RAN4
· Details FFS
· FFS shortened PUSCH format and possible mechanisms to mitigate the effect of puncturing (e.g. power control, different beta value for UCI).
· FFS approaches to help avoid collision, e.g.,
· Introduction of different HARQ timing (e.g. by introduction of HARQ reference subframes)
· Introduction of flexible A-SRS transmission timing
· Group DCI for A-SRS triggering

2. Multiple switching times
From RAN4 LS [2], different switching times are required depending on the band and UE implementation. The values are as follows:
· [<100] us 
· [100] us
· 200 us
· 300 us
· 500 us
· 900 us 
From these values, the interruption time can be ~1 symbol for the smallest one, and ~1 subframe for the largest. Thus, different collision handling mechanisms may be needed depending on the switching time. Defining particular rules for the (up to 6) different values would overcomplicate the specification, and thus is not desirable. 
In the following sections we define systematic approaches to handling collisions with PUSCH and PUCCH channels.

3. Collision with PUSCH with and without UCI
In order to transmit SRS in one particular CC, the UE may need to interrupt transmission in a different carrier due to hardware constraints. In such a case, and depending on the retuning time, at least part of an uplink subframe cannot be transmitted. The interruption in the source carrier will happen before the SRS transmission and after the SRS transmission (see Figure 1)



Figure 1 Example of interruption in CC1 due to SRS transmission in CC2
For small interruption times (e.g. 1 or 2 symbols), it may be feasible to transmit PUSCH in the rest of the subframe with a small degradation. In this case, the eNB can schedule a lower MCS to make the PUSCH decodable.
A similar problem was discussed in Rel-13 for narrowband retuning in eMTC. In that case, the interruption was due to LO retuning from one narrowband to a different one. Although the initial agreement was to use rate matching around the symbols used for retuning, it was later reverted due to timeline and ambiguity problems at the eNB side [3]. As the same issues would occur for interruption for SRS switching, there should be no rate matching changes due to collision.
Observation 1: Introducing rate matching in PUSCH with interruptions creates timeline problems and ambiguity at the eNB side and thus should not be supported.
By removing rate matching, two other options to consider to solve the collision are dropping the PUSCH or puncturing (shortening) the PUSCH. Due to the multiple switching times for different bands and UE implementation, we propose to define the dropping rules based on overlapping of retuning time with different types of symbols. For example:
· If the retuning time is 1 symbol, and it only overlaps with PUSCH data, then PUSCH can be transmitted with that symbol punctured.
· If the retuning time is 3 symbols and overlaps with ACK/NAK information, then the SRS transmission is dropped (ACK/NAK should have higher priority than SRS).
· If the retuning time is 3 symbols and it only overlaps with PUSCH data, then PUSCH in that subframe can be transmitted by puncturing the 3 symbols
· If the retuning time is 3 symbols and it overlaps with DMRS, then the whole PUSCH in that subframe is dropped.
Note that this rules may imply that, if SRS is transmitted in the last symbol of subframe N, then PUSCH in subframe N and N+1 can be treated differently for the same retuning time. In Figure 2 we show an example where there is DMRS collision in subframe N but not in subframe N+1, so different rules apply.



Figure 2 SRS switching with 3-symbol retuning. Subframe N is dropped due to collision with DMRS, and subframe N+1 is transmitted as it only collides with data. No UCI transmission is assumed.

Proposal 1: Prioritization/dropping rules for collision between retuning and PUSCH are defined based on whether the retuning time overlaps with:
1. Data only
2. CSI
3. DMRS
4. ACK/NAK

Proposal 2: If the interruption time overlaps only with PUSCH data in subframe N, then the PUSCH in subframe N is punctured and transmitted.
Proposal 3: If the interruption time overlaps with a DMRS symbol in subframe N, then the PUSCH in subframe N is dropped.
Proposal 4: If the interruption time overlaps with ACK/NAK transmission, then the SRS transmission is dropped.
Proposal 5: If the interruption time overlaps with CSI, the dropping/puncturing rules are defined based on type of CSI (periodic/aperiodic, RI or PMI/CQI, etc) and type of SRS (periodic/aperiodic).

4. Collision with PUCCH
The case of collision between PUCCH and SRS has to follow different rules, as usually the information carried over PUCCH is targeting a lower error rate than that in PUSCH, and puncturing of symbols may remove orthogonality among users for some PUCCH formats. Thus, we propose not to introduce any new PUCCH format 
Proposal 6: For the case of overlapping between interruption time and PUCCH transmission, prioritization rules are applied. No new formats/shortened formats are applied.
The priority rules can be similar to Rel-13 collision cases as follows:
A/N, SR, RI/PTI/CRI > A-SRS > other P-CSI > P-SRS 
Proposal 7: The prioritization rule between SRS transmission and PUCCH is as follows: A/N, SR, RI/PTI/CRI > A-SRS > other P-CSI > P-SRS 
5. Avoidance of collisions with PUCCH
The case of collision between PUCCH and SRS may be particularly problematic, as it may adversely affect the downlink throughput. If subframe N carriers PUCCH on CC1, and subframe N is also used for SRS switching, the PDSCH transmission in subframe N-k needs to be dropped. Note that if CC1 is the PCell, the PDSCH dropping may affect multiple CCs, which will decrease the downlink throughput. Dropping SRS in this case solves the downlink throughput problem, but will reduce the opportunities to transmit SRS, even leading to SRS starvation (e.g. for downlink heavy transmission, the UE may transmit ACK/NAK in every uplink subframe).
Observation 2: The collision of PUCCH with SRS switching may decrease downlink throughput (if SRS is prioritized) or SRS starvation (if PUCCH is prioritized).
A possible solution for this issue is to reduce the number of subframes that are used for PUCCH transmission. This can be achieved by using HARQ reference subframes (similarly to eIMTA), such that not all the uplink subframes are available for PUCCH. By enabling this feature, which can be independent of eIMTA, some of the uplink subframes can be used for SRS without any collision with PUCCH.
Proposal 8: Support signalling of HARQ reference subframes, similar to but independent of eIMTA, to avoid collision of SRS switching with PUCCH.
The signalling of HARQ reference subframes needs to be signalled separately from the eIMTA HARQ reference subframes, since the presence of these implies eIMTA operation, which may not be desirable in many cases. In 36.331, the structure that contains the HARQ reference subframes is eIMTA-MainConfigServCell-r12
EIMTA-MainConfigServCell-r12 ::=	CHOICE {
	release								NULL,
	setup								SEQUENCE {
		eimta-UL-DL-ConfigIndex-r12				INTEGER (1..5),
		eimta-HARQ-ReferenceConfig-r12		ENUMERATED {sa2,sa4,sa5},
		mbsfn-SubframeConfigList-v1250		CHOICE {
				release								NULL,
				setup								SEQUENCE {
				subframeConfigList-r12				MBSFN-SubframeConfigList
				}
		}
	}
}

In 36.213 (Clause 13), it is stated that if a UE is configured with this parameter, then it should follow the EIMTA UL/DL configuration:
If the UE is not configured with the higher layer parameter EIMTA-MainConfigServCell-r12, 
-	the UE shall set the UL/DL configuration equal to the UL/DL configuration (i.e., the parameter subframeAssignment) indicated by higher layers.
If the UE is configured by higher layers with the parameter EIMTA-MainConfigServCell-r12, then for each radio frame,
-	the UE shall determine eIMTA-UL/DL-configuration as described in subclause 13.1. 
-	the UE shall set the UL/DL configuration for each radio frame equal to the eIMTA-UL/DL-configuration of that radio frame.
Observation 3: Current signalling of HARQ reference subframes implies eIMTA operation. New RRC signalling is needed to signal the use of HARQ reference subframes without enabling eIMTA.
6. Prioritization of different carriers
When a UE is configured with multiple UL carriers (e.g. CC1 and CC2) with PUSCH and SRS switching in a different CC (e.g. CC3), in some cases it may be possible for the UE to switch from CC1CC3 and CC2CC3. In such a case, there needs to be some alignment between eNB and UE to determine the source CC for the switching. There may be different mechanisms to establish the source subcarrier for SRS switching:
· Explicit configuration: When the eNB configures the UE for SRS switching, it specifies the source and destination CC explicitly. For example, if CC1 and CC2 may be switched to CC3, the eNB may configure CC1CC3 or CC2CC3. This configuration can be received in the RRC configuration.
· CC index: The prioritization between different CC may also be done based on CC index. For example, lower CC indices may be given higher priority. Thus, if CC1 and CC2 can be switched to CC3, CC2 will be the source CC for switching. The CC index prioritization has to be applied taking into account the UE capability, i.e., if CC1, CC2 and CC4 are UL carriers, but CC4 cannot be switched to CC3 due to hardware constraints, then CC2 should be the source CC.
· Dynamic switch based on channel/information: Another possibility to select the source CC may be based on the channel or information transmitted over the source CC. For example, if PUCCH is transmitted over CC1 and PUSCH over CC2, then CC2 should be given lower priority, and thus be interrupted. Similarly, if there is no transmission in a particular subframe over CC1, and CC2 contains PUSCH, then the source CC will be CC1. Note that this approach may create some misalignment between UE and eNB due to missed grants. Additionally, if two CC have the same information transmitted (e.g. two PUSCH), then the UE may break the tie by another mechanism (e.g. using CC index).
Proposal 9: For prioritization between different carriers, the following mechanisms can be considered:
· Explicit configuration of source and target CC
· Based on CC index
· Based on channel/information transmitted over different CC

7. Mitigation of interruption
For small interruption time (e.g. 3 OFDM symbols) it may be useful to just puncture the transmission of PUSCH or PUCCH. For this case, however, the PUSCH/PUCCH performance may be affected. For example, for the case of 3 OFDM symbols, the expected degradation is around 10log(11/14) = 1.05dB. Additionally, the retuning may affect transmission of UCI over PUSCH (e.g. the symbols used for RI), which is not desirable. To mitigate these issues, the power control mechanism can be changed to increase the transmit power by 1.05dB in the case of PUSCH. For UCI transmission, more resources can be allocated then puncturing is performed (e.g. by changing the  value). The changing of the  value will impact the payload generation and, therefore, may affect the timeline of the UE (similarly to the rate matching vs puncturing discussion in [3]). Thus, changing the  value should only be performed when the puncturing decision can be made beforehand (e.g. when periodic SRS is present).
Proposal 10: Consider mechanisms to mitigate the effect of puncturing in the source cell, e.g. increased transmit power and increased number of resources for UCI over PUSCH. 

8. Summary
Observation 1: Introducing rate matching in PUSCH with interruptions creates timeline problems and ambiguity at the eNB side and thus should not be supported.
Proposal 1: Prioritization/dropping rules for collision between retuning and PUSCH are defined based on whether the retuning time overlaps with:
1. Data only
2. CSI
3. DMRS
4. ACK/NAK

Proposal 2: If the interruption time overlaps only with PUSCH data in subframe N, then the PUSCH in subframe N is punctured and transmitted.
Proposal 3: If the interruption time overlaps with a DMRS symbol in subframe N, then the PUSCH in subframe N is dropped.
Proposal 4: If the interruption time overlaps with ACK/NAK transmission, then the SRS transmission is dropped.
Proposal 5: If the interruption time overlaps with CSI, the dropping/puncturing rules are defined based on type of CSI (periodic/aperiodic, RI or PMI/CQI, etc) and type of SRS (periodic/aperiodic).
Proposal 6: For the case of overlapping between interruption time and PUCCH transmission, prioritization rules are applied. No new formats/shortened formats are applied.
Proposal 7: The prioritization rule between SRS transmission and PUCCH is as follows: A/N, SR, RI/PTI/CRI > A-SRS > other P-CSI > P-SRS 
Observation 2: The collision of PUCCH with SRS switching may decrease downlink throughput (if SRS is prioritized) or SRS starvation (if PUCCH is prioritized).
Proposal 8: Support signalling of HARQ reference subframes, similar to but independent of eIMTA, to avoid collision of SRS switching with PUCCH.
Proposal 9: For prioritization between different carriers, the following mechanisms can be considered:
· Explicit configuration of source and target CC
· Based on CC index
· Based on channel/information transmitted over different CC
Proposal 10: Consider mechanisms to mitigate the effect of puncturing in the source cell, e.g. increased transmit power and increased number of resources for UCI over PUSCH. 
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