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1 Introduction
A new work item of “SRS Carrier based Switching for LTE” was approved at RAN#71 [1]. The main target is to provide the possibility of transmitting SRS on CCs for which uplink is not configured for PUSCH transmission to enable a fast link adaptation and beamforming for TDD carriers by exploiting channel reciprocity.
At RAN1#84bis, there had been discussions to identify potential issues that should be handled as part of this WI. The following conclusion was made [2]: 
	Conclusions: 

Potential standards impacts to consider include:

· Configurations for SRS on TDD CCs without PUSCH

· SRS switching indication signaling

· FFS: RRC or L1 or both

· Collision handling

· FFS: Possible new symbol positions for SRS

· Power control for SRS on TDD CCs without PUSCH

· Timing advance for SRS on TDD CCs without PUSCH

· FFS: Which of periodic and/or aperiodic SRS is supported, and corresponding details/enhancements




In this contribution, we discuss several identified issues and potential solutions to enable an efficent SRS carrier based switching, focusing on SRS reception timing alignment, power control and collision handing aspects. In companion contribution [3] we discussed the SRS type support. 
2. Discussion
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Figure 1: Example of SRS CC-based switching operation in multiple TAG scenario 

2.1 Timing alignment 
In LTE, it is essential that UL transmissions from different UEs within a cell are aligned at eNB side in order to avoid interference to each other. The eNB determines based on the received uplink signals whether the UE is time aligned or whether the signal should appear earlier or later at the eNB. Misalignment occurs primarily when the distance between the UE and the eNB’s antenna changes, i.e., when the UE moves. When the eNB would like to adjust the timing of the uplink transmission of a UE, it sends a TA Command (MAC CE) containing a TA value. This value determines the desired uplink transmission time in relation to the downlink reception time at the UE.
In last meeting [2], timing advance for SRS on TDD CCs without PUSCH was shortly discussed for the case of mutiple TAG. Our view is that the existing UL timing alignment mechanism seems sufficient to fulfil the SRS reception timing synchronization requirement for the TDD CCs without PUSCH. 
Clearly, there is no issue to achieve SRS reception timing alignment at the eNB, as long as there is at least one CC supporting PUSCH transmission in a TAG. In case that multiple TAG is configured for a UE and all the CCs in a sTAG (e.g. the sTAG consisting of CC2/CC3 in FIG.2) are only capable of SRS CC-based switching without PUSCH transmission, contention-free random access (CFRA) procedure using DCI format 1A should apply to acquire the initial TA value like in Rel-11. In addition, eNB is able to adjust the UL TA value of this sTAG via TA command MAC CE on the PDSCH like current LTE. Already in previous releases, it is up to the eNB to choose a suitable SRS periodicity configuration, to keep track of the UEs uplink time alignment, to configure the time alignment timer, and to provide TA Commands.
Based on these discussions, we propose:
Proposal 1: Reuse the exsiting UL timing alignment to maintain UL synchronization for CCs without PUSCH transmission. 
2.2 Power control 

As of Rel-13, the UE sets its transmission power on SRS according to the standardized power control formula [3]
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Basically, the SRS transmission power is determined from the PUSCH PSD by compensating for the exact BW of the SRS transmission and applying an additional power offset. Due to lack of PUSCH transmission on these CCs, one issue that was raised in the last meeting is how to control SRS transmission power on them. 
The open loop parameters (e.g. P0 and SRS offset) can be simply replaced by a PUSCH independent parameter with a wider range in a straightforward manner. It remains to be configured by RRC signaling based on the target of received power or SNR. Simliarly to current LTE, the initial value fc(0) can be obtained leveraging the PDCCH ordered CFRA procedure.
Proposal 2: A UE is configured with a separate PO_SRS, c for SRS transmission on a CC without PUSCH. 
Another aspect to consider is how to transmit the closed loop power control commands. One approach is to use  DL DCI format transmitted on the same SRS CC (.e.g. the CC2 or CC3 in FIG.1). Note that the TPC field in the DCI formats on SCell already serve other purpose, such as indicating one of PUCCH resources for HARQ-ACK feedback (i.e. ARI). Another possible candidate solution is to consider DCI format 3/3A based power control mechanism, which is also benefitial for the case there are long periods of time when PDSCH are not sent on the CC (e.g. CC2 in FIG.1) where the SRS is transmitted. 

In order to distinguish DCI format 3/3A TPC commands intended for PCell PUCCH/PUSCH, SCell PUCCH and SRS, TPC commands for SRS on CCs can be provided either by configuring to a UE a SRS-specific TPC-RNTI for a DCI Format 3/3A. Alternatively, it can be realized by configuring UE additional tpc-index values to indicate which TPC commands in DCI Format 3/3A is meant for respective CC(s). 

Propsoal 3: Considering using DL DCI format on SRS CCs or DCI format 3/3A on PCell for the SRS power control. 
2.3 Collision handling 
In case the collsion, rules have to be defined to specify UE behavior. Table 1 below summarizes the existing  rules for SRS collision handling. 
Table 1: SRS collision handing in Rel-13

	TAG configuration 
	Conditons 
	UE behaviors of SRS transmission

	UE not configured with multiple TAG
	· SRS + PUSCH;

· SRS+ PUCCH format 2a/2b or format 2 with HARQ-ACK transmissions

· SRS+ PUCCH transmission carrying HARQ-ACK and/or positive SR and if the parameter ackNackSRS-SimultaneousTransmission is FALSE. 

· SRS+ PUCCH transmission carrying HARQ-ACK and/or positive SR using normal PUCCH format
· SRS+ PRACH 
	Dropping SRS

	
	· Type 1 SRS + PUCCH format 2 without HARQ-ACK;

· SRS+ PUCCH transmission carrying HARQ-ACK and/or positive SR using shortened format and if the parameter ackNackSRS-SimultaneousTransmission is TRUE
	Transmitting SRS

	UE configured with multiple TAG
	Same TAG 


	· SRS+PUSCH/PUCCH on different cells and in case of power limitation
	Dropping SRS

	
	
	· SRS+PUSCH/PUCCH on different cells and when not power limitation
	Transmitting SRS

	
	Different TAG


	· SRS+PUCCH/PUSCH/PRACH when power limited
· SRS+SRS+PUSCH/PUCCH on morethan 2 CCs in different TAGs and when power limited. 
	Dropping SRS



	
	
	· SRS+PUCCH/PUSCH when not power limited
· SRS+SRS+PUSCH/PUCCH on more than 2 CCs in different TAGs when not power limited
· SRS+SRS 
	Transmitting SRS


Due to the UE UL CA capability limitation, SRS transmission on CCs without PUSCH impose restriction of UL transmission on other normal UL CCs. For example, in case of multiple TA and non-power limited case, SRS on CCs without PUSCH may collide with PUCCH/PUSCH transmission on other CCs and exceeds the UL CA capability of a given UE if all are transmitted. It seems that one reasonable way is to drop SRS in this case as in power limited case.   
Proposal 4: Reusing Rel-13 SRS collision handling rule with additionally taking UL CA capability into account. 
3. Conclusions
In this contribution, we discuss and make the following proposals: 
Proposal 1: Reuse the exsiting UL timing alignment to maintain UL synchronization for CCs without PUSCH transmission. 
Proposal 2: A UE is configured with a separate PO_SRS, c for SRS transmission on a CC without PUSCH. 
Propsoal 3: Considering using DL DCI format on SRS CCs or DCI format 3/3A on PCell for the SRS power control. 
Proposal 4: Reusing Rel-13 SRS collision handling rule with additionally taking UL CA capability into account. 
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