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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1 #86, a set of agreements regarding DCI design for SRS switching between LTE component carriers were reached:
· 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
· For A-SRS, trigger is carried in:
· DL scheduling DCI and group DCI
· Group DCI is only used for SRS-only CC without PUSCH
In this contribution, the DCI design is discussed. 
Group DCI jointly for TPC command and A-SRS trigger
A new group DCI format is agreed to support for joint indication of TPC command and A-SRS. The existing group DCI format 3/3A for TPC commands can be considered as a baseline for the new design while incorporating A-SRS triggers. Several aspects are discussed below.
Search space for the DCI
The group DCI needs to be transmitted in a search space common to a group of UEs instead of in UE-specific search spaces. One option is to use the common search space in the PCell, but this then requires significant signalling overhead for cross-carrier indication and may cause more collisions in the common search space. Another option is to use a search space in each CC without PUSCH with the lowest indexed CCEs (0~3 for aggregation level 4 and 0~7 for aggregation level 8), similar to the case of UE monitoring DCI format 1C on each LAA SCell introduced in Rel-13. If more search space is needed (e.g., to support two DCIs to two groups of UEs in one subframe), CCEs 4~7 may be included for aggregation level 4. Yet another option is to use a search space in each CC that the UE monitors PDCCH with the lowest indexed CCEs. Note that the PDCCH on these CCs may contain CIF for cross-carrier scheduling on another CC, and the same cross-carrier indication relation can be utilized for indicating the CC for TPC command and A-SRS trigger.
Observation: UE needs to monitor the search space with the lowest CCE indexes associated with each SRS-switching CC, on all the serving cells or all the serving cells on which the UE monitors PDCCH.
Payload size for the DCI
To help reduce the number of blind detections by a UE, the payload size of the group DCI (including possible zero-padding) is preferred to be equal to the size of a DCI that the UE already monitors. Generally, the UE monitors DCI formats 0/1A associated with every CC, so it is desirable that the payload size of the group DCI is equal to that of DCI formats 0/1A on the same CC. Note that DCI formats 3/3A also have the same size as DCI formats 0/1A.
Observation: The group DCI payload size (with padding) should be the same as DCI format 0/1A.
RNTI for the DCI
A RNTI common to the group of UEs in a carrier is needed. Each UE in the group will be configured with the group RNTI. The range of the RNTI values can be the same as those for TPC of PUSCH/PUCCH. In case the number of UEs in a carrier is large, there may be a need to configure more than one group RNTI on the carrier so that different groups of UEs are associated with different group RNTIs. One RNTI may be configured for all SRS-switching CCs of a UE, or alternatively, each SRS-switching CC is configured with a CC-specific RNTI. If the new DCI format supports TPC-only content and TPC+trigger content, they may also be differentiated by different group RNTIs.
Observation: A group RNTI needs to be configured for the group DCI.
Indication of UEs and CCs in the DCI
One option for the DCI design is that, the DCI indicates only the UE but not the switching-to CC of the UE (see [1] for more discussion on switching-to CC). This corresponds to the case of no cross-carrier indication. In this case, the UE needs to monitor the group DCI on each CC with SRS switching, but the CIF needs not be present in the DCI and the overall overhead may be reduced. The indication of the UE can be similar to that in DCI format 3/3A, i.e., each UE associated with the group is configured with an index of a location within the PDCCH.
Another option is to indicate both the UE and the CC associated with the TPC command and A-SRS triggering. In other words, cross-carrier indication is utilized. Note that cross-carrier indication from only the PCell is not desirable as it may need up to 5 bits (or equivalent) to specify the CC for a UE. However, the current cross-carrier indication mechanism of up to 3-bit CIF may be adopted. In addition, similar to DCI format 3/3A, each UE associated with the group is also configured with an index of a location within the PDCCH. 
Observation: The group DCI indicates a UE via an index of a location in the PDCCH, and indicates a CC of the UE via 0-bit CIF (same-carrier indication) or 3-bit CIF (cross-carrier indication).
TPC commands in the DCI
All DCI formats with TPC commands use a 2-bit field for the TPC command for PUSCH/PUCCH, except that in 3A, only 1 bit is used. Therefore, it is reasonable to support a 2-bit field and also a 1-bit field in the new group DCI for SRS TPC command.
Observation: The group DCI supports a 2-bit field and a 1-bit field for each TPC command.
A-SRS triggers in the DCI
In DCI formats 0/1A/2B/2C/2D/6-0A/6-1A, a 1-bit trigger is used for A-SRS, whereas in DCI format 4, a 2-bit trigger is used. For the new group DCI, both may be supported. For the case of a 1-bit trigger, one A-SRS parameter set can be supported, while for the case of a 2-bit trigger, three A-SRS parameter sets can be supported. If more A-SRS parameter sets are needed, at most one more bit (i.e., at most a 3-bit trigger) may be considered. On the other hand, if for each DL CC (include each FDD CC if aggregated), there can be up to 3 parameter sets configured, this could lead to in total a sufficiently large number of parameter sets usable for aperiodic SRS. In other words, RAN1 may consider either increasing the number of SRS request bits or supporting carrier-specific SRS parameter set configuration.
Observation: The group DCI supports at least the 1-bit and 2-bit trigger for A-SRS.
The time offset between the trigger and the associated SRS transmission has already been defined in existing standards and can be reused for SRS switching. However, if there is a need to modify the time offset for SRS switching to help avoid collision with other transmissions, a time offset may be included with the trigger, similar to eLAA SRS trigger. For more detailed discussion on collision handling, refer to [2]. The time offset in the group DCI may be common to all SRS requests in the DCI.
Observation 1: For the group DCI for TPC command and A-SRS, consider to support 
· A search space with the lowest indexed CCEs on all the serving cells (same-carrier indication) or all the serving cells on which the UE monitors PDCCH (cross-carrier indication)
· Same payload size as DCI formats 0/1A (with padding)
· Group RNTI
· 0-bit CIF (same-carrier indication) or 3-bit CIF (cross-carrier indication)
· 2-bit TPC command and 1-bit TPC command in compact format
· At least 1-bit and 2-bit trigger
· Possibly a time offset indication.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Down selection of DCI format contents
The above discussion may lead to a large number of combinations for the DCI format contents. To simplify, down selection of the DCI format contents should be considered.
First, there are cases that A-SRS may not be configured or triggered, but TPC command is needed for P-SRS. Therefore, it makes sense to have a DCI format with TPC only. This is effectively the DCI formats 3/3A, but on a CC supporting P-SRS transmission or SRS transmission. No other field needs to be included in the DCI format. The RNTI may be called as SRS-TPC-RNTI. Note that the length of DCI formats 3/3A is the same as DCI formats 0/1A.
Second, when A-SRS is configured, the group DCI needs to contain SRS requests for A-SRS and their associated TPC commands. There are at least these combinations: 1) 0 or 3 bit CIF, 2) 1 or 2 bit TPC, and 3) 1 or 2 bit trigger. To further simplify, note that the UE already needs to monitor the TPC-only DCI format on each CC with SRS, so it is reasonable that the UE monitors every CC with A-SRS for the TPC+trigger DCI format without considering cross-carrier indication. Then, 1 or 2 bit TPC and 1 or 2 bit trigger may be supported, which amounts to 4 combinations and may be differentiated by a 2-bit flag in the DCI or RNTI. Alternatively, further down selection can be considered.
Observation 2: For the group DCI, focus on the following down selections:
· TPC-only DCI (similar to 3/3A) on every PUSCH-less CC with SRS, and 
· TPC+trigger DCI on every PUSCH-less CC with A-SRS, with 1 or 2 bit TPC and 1 or 2 bit trigger.
Based on the above observations, we have the following proposal:
Proposal 1: For the group DCI, support:
· TPC-only DCI 
· Reuse DCI formats 3/3A
· UE monitors this format on every PUSCH-less CC with SRS in a search space with the lowest indexed CCEs 
· With a configured group RNTI
· TPC+trigger DCI 
· With 1 or 2 bit TPC and 1 or 2 bit trigger
· Same payload size as DCI formats 0/1A (with padding)
· UE monitors this format on every PUSCH-less CC with A-SRS in a search space with the lowest indexed CCEs
· With a configured group RNTI
· Possibly with a time offset indication.
DL DCI for A-SRS trigger
Currently, aperiodic SRS is configured via RRC signalling and triggered dynamically via DCI formats 0/1A/2B/2C/2D/4/6-0A/6-1A for TDD and 0/1A/4/6-0A/6-1A for FDD. Among them, DCI formats 1A/2B/2C/2D/6-1A are for DL. These DCI formats may be enhanced to support A-SRS switching. There seems to be no need to support other DL DCI formats for A-SRS switching. If aperiodic SRS is not configured on a serving cell, the SRS request field may still present and the current standards do not define how the UE may utilize it. This field is now useful to trigger A-SRS on the associated CC. The associated CC may be the CC receiving the DCI (if CIF is not configured) or a different CC (if CIF is configured). No additional change in the standards is needed to support this behavior except that RRC signalling needs to configure A-SRS on the associated CC.
Similar to Sec. 2.6, the number of bits and time offset may need to be discussed. The DL DCI formats have a 1-bit trigger. It may be needed to increase the trigger to be at least 2 bits. This changes the DCI payload sizes and the network should configure the UEs if the new payload size is used. In addition, the time offset may be included so that the triggered SRS switching and transmission can be at a different time from the ACK/NACK associated with the DL DCI.
Proposal 2: For DL DCI 1A/2B/2C/2D/6-1A for A-SRS, consider to support a 2-bit trigger and possibly a time offset indication.
Conclusion
In this contribution, support of aperiodic SRS is discussed. We have the following main proposal:
Proposal 1: For the group DCI, support:
· TPC-only DCI 
· Reuse DCI formats 3/3A
· UE monitors this format on every PUSCH-less CC with SRS in a search space with the lowest indexed CCEs 
· With a configured group RNTI
· TPC+trigger DCI 
· With 1 or 2 bit TPC and 1 or 2 bit trigger
· Same payload size as DCI formats 0/1A (with padding)
· UE monitors this format on every PUSCH-less CC with A-SRS in a search space with the lowest indexed CCEs
· With a configured group RNTI
· Possibly with a time offset indication.
Proposal 2: For DL DCI 1A/2B/2C/2D/6-1A for A-SRS, consider to support a 2-bit trigger and possibly a time offset indication.
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