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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 RAN1#85 and RAN1#86 the following agreements were reached:

Agreement:
· Support non-contention based PRACH transmission over SRS Scell without PUSCH
· Re-using existing procedure
· Timing advance commands are supported for SRS Scell without PUSCH
· Re-using existing procedure
· Support power control mechanism for SRS transmission in cells without configured PUSCH transmission 
· Specify power control parameters for SRS transmission without PUSCH. 
· Aim for re-using existing parameters. Details FFS 
· Specify closed-loop power control signaling. Details FFS
· Specify power headroom reports. Details FFS
· FFS specify dropping/power scaling rules. Details FFS

Agreement:
· As defined in Rel-13, for SRS carrier based switching, the SRS transmission opportunities include:
· In at least one symbol out of up to 6 symbols in a special subframe 
· In the last symbol of a UL subframe 
· Note: from UE perspective, there may be impact on SRS transmission opportunities due to switching time depending on RAN4 input
· FFS whether or not to further allow more symbol positions for SRS transmissions on a switching-to carrier in special subframes, UL subframes and/or after the control region in MBSFN subframes
Agreements:
· PC parameters
· Configure open loop parameters Po and alpha for SRS-only CC
· No need to have P_SRS_offset

· Down selection from TPC command options:
· Option 1: by UL grant DCI 0/4 (with cross-carrier indication)
· Option 2: by DL DCI (with cross-carrier indication)
· Option 3: by group DCI

· Adopt Option 3 and only apply to SRS-only CC without PUSCH
· Joint group DCI for triggering and TPC
· FFS: Number of bits for each UE and the meaning for the states of the field
· Introduce RNTI for the group

· Support 2 types of PHR as in Rel-13 
· Details FFS
· Dropping/power scaling rules as in Rel-13


In this contribution we present our views on the general operation of SRS transmission over TDD CCs without PUSCH.

2. Impact of switching time
In cases where there is a large number of DL CC configured, it may be useful for the eNB to use more than one symbol for SRS transmission in a given subframe. This can be performed in UpPTS (especially for 6-symbol UpPTS) following current specification, but multiple SRS transmissions in regular uplink subframes may also be useful. For example, if the UE needs to sound 3 CCs and the switch time is 1 symbol, it will take 3 subframes for the UE to sound the 3 CCs, and 6 additional symbols would be lost due to retuning (total of 9 symbol interruption: 3 for SRS transmission + 6 for retuning). If multiple SRS transmissions in UpPTS are supported (e.g. as shown in Figure 1), the total interruption time is only 7 symbols.


Figure 1 Multiple SRS transmission over 6 symbol UpPTS. The orange UE needs one symbol to retune between two carriers. The eNB can stagger multiple UE to maximize the resource usage. Example with 1 symbol retuning.

The UpPTS with multiple SRS transmission can also be exploited to sound multiple subbands of a given CC, which may be useful for power limited UEs that are not able to sound the entire bandwidth in a single SC-FDMA symbol. For a case of 3 subbands, for example, the support of SRS subframes decreases the total interruption time from 9 symbols to 5 symbols (3 symbols for SRS transmission, and 2 symbols for retuning). In Figure 2 we show an example of multiple subband sounding in a single subframe. This subframe can be UpPTS or an UL subframe dedicated to the transmission of SRS.


Figure 2 Multiple SRS transmission over the same CC in different subbandsin UpPTS. In this case there is no switching time required.
Proposal 1: Consider enabling the transmission of multiple SRS in the same subframe for UpPTS.
For the case of back-to-back transmission of SRS (as in Figure 2) some power adjustment may be needed between two SRS transmissions. This power adjustment can be performed to correct the loss introduced by frequency selective components (e.g. duplexor, filters). As in current specification, the power settlement requirements should take into account this, and only part of the SRS may be transmitted at full power.
Observation 1: If SRS transmission in contiguous symbols is supported, power adjustment may be needed. The power settlement requirements should take this into account.

3. Power headroom report
Similar to other CA configurations, PHR should be supported for SRS CCs. This could be exploited by the eNB when scheduling in multiple CC simultaneously. If the eNB is not aware of the power headroom, then the UE may drop transmission due to power limitation. The PHR would be computed as in cases where PHR is due but there is no PUSCH in a subframe, i.e., by using reference PUSCH
Proposal 2: PHR is calculated by assuming reference PUSCH transmission in a TDD CC without PUSCH transmission

4. Impact in downlink reception
In [2] an LS was sent to RAN4 regarding switching time and impact on downlink reception. In [3], RAN4 replied that they are still working to find a good description on this issue. In general, we can assume that the impact on downlink reception may depend on the UE implementation, more precisely on the capability of routing the signal from one LO to different uplink chains, or on whether the UE uses a single LO for UL and DL or different Los.
Observation 2: The impact of SRS switching on downlink reception may depend on the UE implementation.
If downlink is impacted, the subframes that are impacted can be of two types (See Figure 3)
1. Downlink subframe before SRS transmission: In this case, the UE may miss the whole DwPTS and last part of a downlink subframe. This may only happen for special subframes with small GP, or large retuning values.
2. Downlink subframe after SRS transmission: At least the first part of the subframe (PDCCH) may be lost.


Figure 3 DL interruption times before (1) and after (2) SRS transmission in a different CC

For the UEs for which downlink reception is impacted, there are a number of mitigation techniques that can be used to avoid disrupting downlink traffic and uplink scheduling:
1. For the first case, only PDCCH scheduling may be allowed. This way, the UE will not lose a lot of resources for control
2. For the second case, only EPDCCH scheduling may be allowed. A default PCFICH value will be used (potentially signalled by higher layers), and PHICH can be assumed to be ACK (suspend). This way, even when the first few symbols of the subframe are lost, downlink reception based on EPDCCH can be correctly achieved. For the cases when the UE uses a large number of symbols to retune (e.g. 9 symbols) the whole subframe can be considered as lost, and the UE can skip decoding EPDCCH. If PDSCH is scheduled in a subframe with interruption, PDSCH TBS scaling can be considered.
Observation 3: Mitigation of downlink interruption can be achieved by:
· Switching from EPDCCH/PDCCH scheduling depending on whether the interruption occurs at the beginning or the end of a subframe.
· Assuming default values for PHICH and higher-layer configured value for PCFICH 
· Scaling of PDSCH TBS


5. Random access procedure for CC without PUSCH
To acquire uplink timing, the UE may need to transmit PRACH on the SRS CC if it is configured in a different TAG. The procedure can be similar to the one for CA:
· The UE receives PDCCH order in the PCell for contention-free PRACH transmission
· The UE transmits PRACH on the SRS cell
· The UE monitors for RAR in PCell. If RAR is received, apply the TA and finish the random access procedure.
Some changes, however, may be needed in order to be error-resilient. One drawback of the procedure above is that if the UE does not receive RAR in the RA window, then the UE autonomously retransmits PRACH with a higher transmission power. While in current CA this is an acceptable behaviour, for SRS switching this may create additional interruptions in a different CC, which may not be acceptable. Additionally, the behaviour regarding PRACH retransmission may create different assumptions in the interruptions at UE and eNB, e.g. if the eNB received the PRACH but the UE missed the RAR.
Observation 4: The current random access procedure in SCell will create additional interruptions in the SCell due to PRACH retransmissions.
One option to avoid this issue is to set the maximum number of retransmissions to 1, this way the UE will exit the random access procedure without any further interruption. This method, however, has the drawback of not allowing for power control/power ramping, so if the eNB triggers the PRACH after failure the UE will try with the same power. One possibility to avoid this situation is to introduce a power control field in the PDCCH order which would allow for adjusting the PRACH transmission power.
Proposal 3: For SRS CC, the UE does not autonomously retransmit PRACH after RAR is not received.
Proposal 4: Introduce a power control parameter in the PDCCH order to determine the transmit power of PRACH. FFS whether this power control is absolute or relative (to the last PRACH attempt).

6. Techniques to reduce interruption due to PRACH transmission
The transmission of PRACH, similar to that of SRS, will create interruption in a different carrier. Depending on the PRACH length and the retuning time, this interruption may have some detrimental effect on the uplink throughput.
One possible option to reduce this interruption time is to place the PRACH transmission in the start of the UpPTS (e.g. for 6-symbol UpPTS), such that the UE has enough time to transmit the PRACH and retune to the original CC. If the retuning time is short (e.g. 2 symbols) and downlink is not affected, there would be no loss in throughput (except for possible PUSCH transmission in UpPTS).
Proposal 5: Consider enabling PRACH transmission in the first symbols of UpPTS (e.g. for PRACH format 4) to reduce the interruptions.

7. Summary

Proposal 1: Consider enabling the transmission of multiple SRS in the same subframe for UpPTS.
Observation 1: If SRS transmission in contiguous symbols is supported, power adjustment may be needed. The power settlement requirements should take this into account.
Proposal 2: PHR is calculated by assuming reference PUSCH transmission in a TDD CC without PUSCH transmission
Observation 2: The impact of SRS switching on downlink reception may depend on the UE implementation.
Observation 3: Mitigation of downlink interruption can be achieved by:
· Switching from EPDCCH/PDCCH scheduling depending on whether the interruption occurs at the beginning or the end of a subframe.
· Assuming default values for PHICH and higher-layer configured value for PCFICH 
· Scaling of PDSCH TBS
Observation 4: The current random access procedure in SCell will create additional interruptions in the SCell due to PRACH retransmissions.
Proposal 3: For SRS CC, the UE does not autonomously retransmit PRACH after RAR is not received.
Proposal 4: Introduce a power control parameter in the PDCCH order to determine the transmit power of PRACH. FFS whether this power control is absolute or relative (to the last PRACH attempt).
Proposal 5: Consider enabling PRACH transmission in the first symbols of UpPTS (e.g. for PRACH format 4) to reduce the interruptions.
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