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Introduction
This contribution discusses some aspects related to DCI formats as follows:
· DCI triggering aperiodic TRS
· DCI size quantization
DCI triggering aperiodic TRS
Multiple use cases for aperiodic TRS (CSI-RS for tracking) have been identified and discussed in RAN1#91 [1]. This contribution provides details on how to signal aperiodic TRS triggering via DCI. Periodic TRS has been already agreed and introduced for robust data reception performance in NR to replace one of CRS functionality in LTE, which includes time and frequency tracking, Doppler and Delay spread estimation and power delay profile estimation. In contiguous operation in connected mode, periodic TRS can provide reference for good demodulation performance at UE. Unfortunately, there are many events in NR which may need more than periodic TRS. Aperiodic TRS is essential given we have many aperiodic events as well as some periodic events which may not be aligned with periodic TRS. Use cases for aperiodic TRS are summarized below.
· Aperiodic events
· SCell activation 
· Without aperiodic TRS, SCell activation can be delayed further up to TRS periodicity (max 80 ms on top of SCell activation procedure delay).
· For SCell activation, network can activate SCell followed by aperiodic TRS, aperiodic CSI-RS. After SCell activation, UE can perform tracking based on TRS and CSI estimation and reporting based on CSI-RS. Network would be able to start data transmission based on reported CSI.
· BWP switching
· Upon BWP switching especially including RF retuning, a new reference signals for tracking is desirable before starting proper data reception.
· Similar to SCell activation, BWP switching can exploit aperiodic TRS and aperiodic CSI-RS for faster link adaptation.
· Multi-beam change 
· Without aperiodic TRS, data reception can be delayed up to TRS periodicity in addition to other delays involved with beam change.
· Practically it is assumed that UE is not tracking TRS from multiple beams simultaneously
· With PDSCH beam change, proper data transmission can start after tracking and CSI reporting based on aperiodic TRS and aperiodic CSI-RS. 
· Periodic events
· Connected mode DRX 
· Without aperiodic TRS, it requires UE to wake up in the middle of CDRX off when periodic TRS is not aligned with CDRX on-duration, not desirable for CDRX feature from UE power saving perspective.
· Idle mode DRX 
· Without aperiodic TRS, it requires UE to wake up before paging occasion when SSB is not aligned with paging occasion, affecting standby time reduction roughly to 1/2.
Aperiodic TRS can be triggered via different options. For example, it can be triggered by DCI, MAC-CE or DRX reception event. In NR, SCell activation is done via MAC-CE, BWP switching is done via DCI, and beam change is done via MAC-CE (for PDCCH) and DCI (for PDSCH). Aperiodic TRS triggering can be tied to the existing triggers for SCell activation, BWP switching or beam switch. However, to have a unified framework for different use cases, it is proposed to consider aperiodic TRS triggering via DCI. It should be noted that this is also aligned with aperiodic CSI-RS triggering, which is already agreed for NR. In fact, TRS is also configured as CSI-RS resource set. Thus, it is natural to allow TRS triggering via DCI.
Proposal 1: NR supports aperiodic TRS (CSI-RS for tracking) triggering via DCI.
Currently aperiodic CSI-RS can be triggered only by UL DCI. Given that aperiodic TRS does not involve UL transmission by nature, it is proposed to support aperiodic TRS triggering via both DL DCI and UL DCI. UL DCI still can be used for triggering aperiodic TRS when network transmits UL DCI.
For UL DCI, the existing CSI request field can be used to indicate aperiodic TRS.
For DL DCI, existing fields can be repurposed to indicate triggering of aperiodic TRS with issuing zero RA grant (0 RB assignment with RA type 0) or invalid grant in the frequency domain RA field (all ones with RA type 1)
Proposal 2: Aperiodic TRS triggering is supported for both DL DCI and UL DCI as shown above.
Fallback DCI and BWP Switching
In RAN1 #91, decision was made that fallback DCI (Format 0_0 and 1_0) does not contain BWP ID field, and this is subsequently captured in the specification TS 38.212. Therefore it cannot be used to trigger BWP switching; DCI-based BWP switching can only be signalled via non-fallback DCI (Format 0_1 and 1_1).
Not being able to signal BWP switch with fallback DCI results in an issue, which is discussed more in depth in our companion contribution [2]. The observation and proposal are repeated here:
Observation: If fallback DCI only monitoring is configured for USS which is associated with a particular BWP, and that particular BWP is not associated with any other non-fallback DCI monitoring, DCI-based BWP switching can become a “one-way street” for transitioning into that particular BWP but not allowing transitioning out due to lack of support for BWP switch in fallback DCI. Timer-based switch can provide some remedy but would not work for all cases. Fundamentally, this “bug” is due to lack of support for BWP switching in fallback DCI.
Proposal 3: Support null-assignment in fallback DCI for the case BWP switch needs to be indicated, and BWP ID for the new BWP is introduced to occupy one or more of the unused field(s) due to null-assignment.
DCI Size Quantization
[bookmark: _GoBack]For LTE, DCI format and the DCI size (i.e. number of uncoded bits for PDCCH) are coupled, and the exact size is dependent on the number of RBs configured in the system (NRB). For example, for NRB = 100 (i.e. 20MHz BW), DCI format 1A requires 53 bits for its content including CRC. However, depending on the transmission mode, the UE needs to monitor another DCI format which has a different size compared to 1A. For example, for TM9, Format 2C should be blindly decoded with a size equal to 75 bits including CRC. This results in two blind decodes, and this gets multiplied by the number of search spaces and the number of aggregation levels. For this example, it can be seen that at least for UE-specific search space, such multiple decodes can be avoided if UE coordinates with eNB that it only decodes for DCI with size 75 bits. In case Format 1A needs to be conveyed to this UE, there can be a format type identifier embedded in the payload to distinguish between Format 1A and 2C. Since Format 1A contains fewer bits than Format 2C, when 1A is transmitted this way, padding for 22 bits (75-53) can be used.
The issue of multiple blind decodes due to multiple DCI size hypotheses presents a challenge for LTE as more features are added and extreme care must be taken to “retrofit” new DCI formats into existing sizes to avoid incurring more blind decoding requirement on the UE.
For NR, there is an alternative to the association between DCI format and DCI size hypotheses. We present a scheme where DCI format and DCI size could be loosely coupled.
First, there could be a number of DCI size options (i.e. “quanta”) that is predefined in the spec. For example, 48 bits, 64 bits, 72 bits, and so on, or at even finer granularity.
Second, UE and gNB can agree on a subset of DCI sizes over which UE would perform blind decoding. Suppose the agreed blind decoding size hypotheses are L1 and L2, when gNB has a DCI (Format A) to transmit, it would pick the smallest L which can fit Format A, and pad the rest of the payload for encoding. The number of DCI formats that can be supported by UE’s blind decoding can increase significantly without incurring blind decoding complexity. DCI format identifier needs to be embedded in the DCI payload, similar to Format 0 and 1A flag in LTE. The number of bits required for the DCI format identifier would be log2(number of DCI formats to discern) at the minimum, and this can also be dependent on the actual number of DCI formats that UE has to support for its current mode of operation.
Limiting to fewer DCI size options for hypotheses could result in spectral efficiency loss if significant number of padded bits are used. This is akin to more “quantization loss”. More DCI size options that closely tailor the actual DCI formats in operation would result in fewer padding and achieve higher spectral efficiency at the expense of more blind decoding. The DCI size options would be a tradeoff between spectral efficiency and UE blind decoding complexity.
RAN1 should specify the DCI size options for NR considering the size of the largest and smallest DCI formats, and those in between, and consider leaving some margin for future extension.
Proposal 4: gNB configures a set of DCI size hypotheses for blind decoding at least for UE-specific search space, based on the DCI formats that the UE needs to support in current mode of operation.
Proposal 5: All DCI formats are discerned by an identifier which is explicitly carried in the DCI payload.
Proposal 6: The number of bits and the enumeration of the DCI format identifier can be UE-specific based on the DCI formats in operation.
The proposed framework would be flexible and is a practical way to future-proof NR DCI format and blind decoding designs.
Proposal 7: RAN1 considers DCI quantization for NR.
Conclusions
This contribution has discussed benefits of DCI based control signaling vs MAC-CE, reduction on PDCCH blind decoding hypotheses and DCI quantization. The following proposals have been made:
Proposal 1: NR supports aperiodic TRS (CSI-RS for tracking) triggering via DCI.
Proposal 2: Aperiodic TRS triggering is supported for both DL DCI and UL DCI as follows:
For UL DCI, the existing CSI request field can be used to indicate aperiodic TRS.
For DL DCI, existing fields can be repurposed to indicate triggering of aperiodic TRS with issuing zero RA grant (0 RB assignment with RA type 0) or invalid grant in the frequency domain RA field (all ones with RA type 1)
Proposal 3: Support null-assignment in fallback DCI for the case BWP switch needs to be indicated, and BWP ID for the new BWP is introduced to occupy one or more of the unused field(s) due to null-assignment.

Proposal 4: gNB configures a set of DCI size hypotheses for blind decoding at least for UE-specific search space, based on the DCI formats that the UE needs to support in current mode of operation.
Proposal 5: All DCI formats are discerned by an identifier which is explicitly carried in the DCI payload.
Proposal 6: The number of bits and the enumeration of the DCI format identifier can be UE-specific based on the DCI formats in operation.
Proposal 7: RAN1 considers DCI quantization for NR.
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