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1. Introduction

A few more details on aperiodic SRS (A-SRS) configuration were discussed and finalized at the RAN1 #63bis meeting including:
· A-SRS is transmitted in the same CC as the PUSCH transmission indicated by the UL grant
· If CIF is configured, A-SRS is transmitted in the CC indicated by CIF
· Otherwise, A-SRS is transmitted in the SIB2-linked CC
· Cyclic shift (CS) for each antenna port is implicitly assigned by the following formula:
· Applicable for both periodic and aperiodic cases

·  
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· Final agreement on comb and cyclic shift multiplexing after email discussion: 

· Use the agreed CS equation for CS derivation for both periodic SRS and aperiodic SRS
· For 2 SRS ports:
· The same comb is used for SRS port 0 and 1 (i.e. CS-only).
· The comb is transmissionComb (or transmissionCombAp-r10).
· For 4 SRS ports:
· If n_CS (RRC parameter, cyclicShift or cyclicShiftAp-r10) is 0, 1, 2, or 3, the same comb is used for 4 SRS ports (i.e. CS-only).
· The comb is transmissionComb (or transmissionCombAp-r10).
· If n_CS is 4, 5, 6 or 7, different combs are used for SRS ports 0/2 and SRS ports 1/3.
· The comb for SRS port 0 and 2 is transmissionComb (or transmissionCombAp-r10), and the comb for SRS port 1 and 3 is 1-transmissionComb (or 1-transmissionCombAp-r10). 
· cyclicShift and transmissionComb are used for periodic SRS, and cyclicShiftAp-r10 and transmissionCombAp-r10 are used for periodic SRS
· Agree on the support of triggering with DL grant 1A as baseline working assumption for TDD.
· Only in case format 0 configured for type 1 SRS triggering 
· “0”, No type 1 SRS trigger
· “1”, triggering type 1 SRS by RRC-configured parameters set 5 (as defined in R1-110558)
· UE behaviour is same as in case UL DCI format triggering of type 1 SRS
· Could be revisited by next meeting

· The support of 1A for FDD, 2B and 2C for TDD is FFS
· Companies are encouraged to investigate further, especially with respect to the following issues
· DCI format size ambiguity
· Collision handling of multiple triggers
· SRS and A/N collision

This document discusses some of the outstanding issues and provides some recommendations to finalize the aperiodic SRS feature in Rel-10. A companion contribution [1] discusses the support of frequency hopping for aperiodic SRS. 
2. Discussion
2.1. Triggering in DL DCI Formats
Triggering in DL DCI formats was proposed to provide more opportunities for scheduling A-SRS transmission. The need for increased scheduling opportunities is mainly applicable to TDD UL-DL configurations with few UL subframes, e.g. UL-DL configurations #2 and #4. In addition it was discussed that triggering in DL assignments benefits DL beamforming using channel reciprocity. As such it was proposed in [2] to support A-SRS triggering in DCI formats 1A, 2B and 2C. Based on Rel-8/9 operation triggering in DL DCI formats introduces some issues which were enumerated in e.g. [3]. These and other issues are elaborated upon in this section.

1) eNB configuration and scheduler restriction: to study eNB configuration for triggering in DL assignments we consider the exemplary case of TDD UL-DL configuration #2. When an A-SRS trigger is detected in an UL grant received in subframes 10nf + 3 or 10nf + 8, the UE transmits A-SRS in subframes 10nf + 7 and 10(nf + 1) + 2 respectively according to the cell-specific and UE-specific A-SRS subframe configuration. If A/N feedback is also required in these UL subframes, the A/N bits are multiplexed with UL-SCH data on PUSCH and the PUSCH is rate-matched around SRS in the last symbol of the subframe. In contrast for A-SRS triggering in DL DCI formats, A/N feedback is required in subframes 10nf + 7 or 10(nf + 1) + 2 for DL DCI formats detected in subframes 10nf + 7-{8,7,4,6}or 10(nf + 1) + 2 -{8,7,4,6} respectively. An illustration is shown in Figure 1 for UL transmission in subframe 12 based on triggering in either an UL grant or a DL assignment. It can be observed for Figure 1(b) that the eNB must configure ackNackSRS-SimultaneousTransmission = TRUE or else the A-SRS is dropped. Thus, the A-SRS feature is dependent on the mandatory configuration of the simultaneous A/N and SRS feature. Although simultaneous A/N and SRS was introduced to support prioritization of A/N over SRS, triggering in DL DCI formats eliminates this choice for an eNB since mandatory configuration of ackNackSRS-SimultaneousTransmission=TRUE is required for A-SRS triggering in DL DCI formats. Note that this same issue is also evident in other UL resource-limited configurations such as configurations #4, #5. 
If triggering in DL assignment is added for FDD it implies that the eNB must schedule DL assignments in a subframe n such that n + 4 is not a UE-specific A-SRS subframe in order to avoid mandatory configuration of ackNackSRS-SimultaneousTransmission=TRUE. This introduces a possible restriction on eNB scheduling flexibility.
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Figure 1 Illustration of triggering for UL-DL configuration #2 in (a) UL grant and (b) DL assignment
2) A-SRS Transmission in the UpPTS: a different issue is observed for A-SRS transmission in the UpPTS region of the special subframe. Again consider UL-DL configuration #2, wherein a positive A-SRS trigger is detected in a PDCCH conveying a DL assignment in e.g. subframe 1. The A/N feedback for this PDCCH is sent in subframe 7 based on the downlink association set index given in Table 10.1-1 of [4]. From the A-SRS timing specified in [4] A-SRS can be transmitted in the UpPTS region of subframe 6 before the A/N feedback is received in subframe 7. Therefore, the eNB must perform A-SRS DTX detection to determine if the PDCCH was correctly received at the UE. One of the reasons for adding the PUSCH restriction for A-SRS in 36.211 Sec. 5.3.4: “not part of an SC-FDMA symbol reserved for possible SRS transmission when a-periodic SRS is configured” was to prevent the eNB having to perform two blind decodes in the event of a missed PDCCH when A-SRS is triggered in an UL grant. The implication is that RAN1 makes no assumption on PUSCH DTX detection at the eNB, and thus the eNB has to perform two blind decodes to determine the rate matching applied at the UE. Applying the same principle:
a. A-SRS triggering in DL DCI assignments introduces a requirement of eNB implementation of A-SRS DTX detection. For a Rel-8/9 eNB that does not implement SRS DTX detection it cannot use the channel estimate for e.g. DL beamforming without any knowledge of whether the UE actually received the DL assignment. Alternatively, the eNB buffers the received A-SRS data until it processes the A/N feedback received in a later subframe. This adds some complexity to eNB implementation. 
b. Note that this is not the case for UL grants which, for configuration #2, can only be sent in subframes 3 and 8.Therefore, an eNB always receives the PUSCH on or before A-SRS reception, which allows the same Rel-8/9 eNB receiver implementation for PUSCH and SRS.
3) Cross-carrier scheduling: the RAN1 agreement presented in Section 1 clearly specifies the interpretation of a CIF field in an UL grant. However, the UE behavior is unclear when a positive A-SRS request is detected in a DL DCI format containing CIF because the CIF value indicates the DL CC where PDSCH is scheduled. At the very least additional specification is required to enable A-SRS triggering in DL DCI formats containing a CIF field.
4) Power control: power control cannot be applied for SRS transmission when triggered by DL assignments compared to triggering in UL grants. Thus, the UE shall use the TPC command in the most recent detected UL grant similarly to what obtains for periodic SRS transmission. Note that this weakens the motivation for A-SRS of timely and effective sounding, compared to periodic SRS transmission, if the appropriate power control command cannot be applied.
Observation: A-SRS triggering in DL assignments has been shown to introduce mandatory configuration of simultaneous A/N and SRS, necessity of A-SRS DTX detection at eNB, questions on the efficacy of power control, and additional specification is needed for cross-CC scheduling. 
2.2. Other Configuration Aspects
2.2.1. Specification of ISRS-ap
The parameter ISRS-ap essentially defines the periodicity and offset of A-SRS subframes for a UE. Although this is somewhat similar to the Rel-8/9 parameter SRS configuration index, ISRS-ap defines a set of sounding opportunities in which a UE can be triggered for A-SRS transmission. Since A-SRS is meant for timely sounding of the UL channel it is unrealistic to define large periodicities e.g. 80ms. If we consider that the expected RRC reconfiguration duration is on the order of 20ms per TS 36.331, a periodicity of even 20ms implies that the UE could have been reconfigured for Rel-8 based one-shot sounding! 
Another aspect to consider is that during the CA session at the #63bis meeting it was agreed that multiple A-SRS triggers for the same SC-FDMA symbol in the same subframe is not supported. Thus for a large periodicity the eNB has to retain more scheduling information with respect to which subframe a UE was triggered for A-SRS. The eNB complexity is further increased if triggering in both UL grants and DL assignments is supported. Therefore, periodicities not exceeding 10 ms should be specified.

Proposal: The maximum periodicity for A-SRS transmission subframes should be limited to 10ms.  
2.2.2. A-SRS field in DCI formats
A-SRS shall be configured by dedicated RRC signaling for a UE. It was also agreed that when A-SRS is configured, one bit is added to the DCI format 0 to trigger A-SRS. On the other hand, RAN1 agreed that a 2-bit A-SRS field is always present in DCI format 4, partly to underline the importance of A-SRS for UL MIMO transmission. 

In a similar fashion a 2-bit A-SRS field should always be present in DCI formats 2B/2C, if agreed, and also if triggering in DL assignments can be justified for e.g. TDD DL beamforming.

3. Conclusion

Some outstanding details for Rel-10 sounding were addressed in this contribution. In summary
· A-SRS triggering in DL assignments has been shown to introduce several problems including
· Mandatory configuration of simultaneous A/N and SRS
· Necessity of A-SRS DTX detection at eNB
· Uncertainty about the efficacy of power control, and 
· Additional specification effort for cross-CC scheduling.
· It is recommended that RAN1 seriously reconsider the practicality of A-SRS triggering in DL assignments.
To finalize some other configuration aspects of A-SRS we propose:

· The maximum periodicity for A-SRS transmission subframes should be limited to 10ms.
· If DL triggering is supported for DCI formats 2B/2C to enable e.g. TDD DL beamforming the A-SRS field should always be present in these DCI formats similarly to DCI format 4. 
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