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1. Introduction

In RAN#71, a new work item named “SRS switching” was approved [1], and the detailed discussion will be started from RAN1#84bis meeting. Though the motivation is described in the WID, more detailed information on the requirement would be useful for efficient RAN1 discussions because the assigned time unit is very limited.
In this contribution, we describe some rationale why SRS switching is necessary for TDD operation. In addition, we clarify requirements on this enhancement.
2. Scenarios
2.1. Number of carriers
Based on the current band combinations for TDD operation, at maximum 4 TDD carriers (CCs) can be available for carrier aggregation. When one additional FDD carrier is added here, total 2~5 carriers  can be considered as a valid scenario. On the other hand, the commercialization of UL CA will not be prepared so rapidly comparing with DL CA because it has a big impact on the UE implementation. Thus, 1 and 2 UL CA would be important and realistic scenario considering the commercial use cases. From these facts, we should consider the following as a baseline. 

Proposal 1:
· From the realistic scenario, the following number of CCs is agreed as the primaliy target of this WI:
· UL CCs: 1 and 2 CCs case. 
· Second priority to optimize more than 2 CCs case.
· DL CCs: Up to 5 CCs case. 
· Second priority to optimize more than 5 CCs case.

2.2. Band and duplex mode combinations
Considering the TDD band assignments in Japan, the target band combinations can be both intra-band and inter-band CA. In addition to TDD-TDD CA, TDD-FDD CA with FDD PCell can also be considered to provide sufficient UL resources for PCell. Thus, our preference is that no limitation is introduced to the band and duplex mode combinations. This is also aligned with the RAN principle that the introduced feature should be band-agnostic. 
Proposal 2:

· No limitation to the band and duplex mode combination is baseline for this WI:
· Intra-band CA and inter-band CA can be considered,
· TDD-TDD CA and TDD-FDD CA can be considered, and 

· Both TDD and FDD cell can be PCell.
2.3. TDD configurations
According to the UL-DL traffic load and cell coverage, an appropriate TDD configuration is selected from several TDD UL-DL configurations and special subframe configurations. It means when TDD UL-DL configuration is optimized for DL heavy traffic (e.g. TDD UL-DL configuration 2 or 5), SRS switching opportunity is very limited due to small number of UL subframes. Therefore, all the TDD configurations, including the challenging TDD UL-DL configurations for SRS switching, should be the target of this WI. 
Proposal 3:

· SRS switching solution(s) should be applicable to any TDD UL-DL configurations and special subframe configurations.
Currently, the synchronized UE architecture (i.e. same TDD subframe configuration) is widely assumed for TDD carrier aggregation, though the current specs are allowed to support CA with different UL-DL and special subframe configuration. Considering these aspects, it is acceptable to prioritize synchronized carrier aggregation (i.e. TDD carriers use the same TDD UL-DL configuration and TDD special subframe configuration). For the future proof, it is however recommended that the SRS switching is designed to support any combinations of TDD configurations.
Proposal 4:

· SRS switching solution(s) should be applicable to any combination of UL-DL and special subframe configurations among CCs. 
· If prioritization is necessary, we are fine to focus on synchnous case (i.e. same TDD UL-DL configuration and special subframe configuraitons among UL carriers).
3. Requirements

3.1. Impact to downlink transmission
In case of 1 UL CA, SRS switching may lead to the interruption of UL HARQ-ACK transmission on PCell due to potential glitch (which is to be clarified in RAN4). If it happens, DL transmission will also be impacted by the loss of UL HARQ-ACK transmission opportunities. This problem would be more serious when DL heavy configuration is employed. Since this drawback is not desirable for TDD operators, we propose RAN1 strives to solve this problem. 
Proposal 5:
· The developed SRS switching solution(s) should minimize to block the UL HARQ-ACK transmission as much as possible, which may potentially lead to the loss of DL transmission opportunities. 

3.2. Target CCs for SRS switching
We think a periodicity of SRS transmission among CCs could be highly dependent on CA scenarios. For example, in the inter-band CA case, SRS should be more frequently switched among CCs for a precise channel estimation because UL condition of SCell would be different from the PCell. It means that the eNB can explicitly configure the SCells on which the UE has to switch SRS transmission and its periodicity. 
Proposal 6:
· The eNB should be able to configure SRS transmission for switching on any of the TDD SCells, including all TDD SCells. 

3.3. Applicability of TDD configuration change
As descried in section 2.3, due to the lack of UL resources, SRS transmission may not be frequently switched among configured CCs. It may result in less performance gain by outdated channel estimation. It may be resolved by changing TDD configuration to increase the SRS transmission opportunities. However, it is impossible to change the current TDD configuration in case of the coexistence with adjacent TDD operators. So we think, as a baseline, it should not be considered to change the TDD configuration for SRS switching solution(s). 
Proposal 7:
· The solution should not require to change TDD UL-DL configuration and special subframe configuration. 

3.4. Interaction with other functionalities
According to the WID, only CA scenario is considered. However it might be some benefits if SRS switching solution(s) can be applied/enhanced to other schemes, for example the DC case. But it may cause additional work and consume the available TUs. Therefore, in Rel-14, we recommend that SRS switching should be only considered in CA cases and an interaction with other scheme should be carefully considered.
4. Conclusion

In this contribution, we describe some rationale why SRS switching is necessary for TDD operation. The scenarios and requirements are summarized as follows:
· From the realistic scenario, the following number of CCs is agreed as the primaliy target of this WI:

· UL CCs: 1 and 2 CCs case. 

· Second priority to optimize more than 2 CCs case.

· DL CCs: Up to 5 CCs case. 
· Second priority to optimize more than 5 CCs case.

· 

 REF Proposal2 
No limitation to the band and duplex mode combination is baseline for this WI:

· Intra-band CA and inter-band CA can be considered,

· TDD-TDD CA and TDD-FDD CA can be considered, and 

· Both TDD and FDD cell can be PCell.
· 

 REF Proposal3 
SRS switching solution(s) should be applicable to any TDD UL-DL configurations and special subframe configurations.

· 

 REF Proposal4 
SRS switching solution(s) should be applicable to any combination of UL-DL and special subframe configurations among CCs. 

· If prioritization is necessary, we are fine to focus on synchnous case (i.e. same TDD UL-DL configuration and special subframe configuraitons among UL carriers).

· 

 REF Proposal5 
The developed SRS switching solution(s) should minimize to block the UL HARQ-ACK transmission as much as possible, which may potentially lead to the loss of DL transmission opportunities. 

· 

 REF Proposal6 
The eNB should be able to configure SRS transmission for switching on any of the TDD SCells, including all TDD SCells. 

· 

 REF Proposal7 
The solution should not require to change TDD UL-DL configuration and special subframe configuration. 
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