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Introduction
[bookmark: _GoBack]In RAN1 NR-AdHoc#2 meeting, the following agreement has been made for PDCCH blind decoding.
Agreements:
· For PDCCH blind decoding, at least for the non-initial access, at least the following can be configured:
· Number of PDCCH candidates per CCE aggregation level, per DCI format size that the UE monitors
· Set of aggregation levels
· FFS explicit or implicit configuration
· Set of DCI format sizes
· FFS explicit or implicit configuration
· FFS: per CORESET not used for initial access or search space
· FFS: Signalling details
· Note that the number of candidates can be zero
· UE blind decoding capability is known by NW
· FFS: How the capability is derived
In RAN1 #90, the following working assumption has been agreed:
Working assumptions:
· In the case when only CORESET(s) for slot-based scheduling is configured for UE, the maximum number of PDCCH blind decodes per slot per carrier is X
· The value of X does not exceed 44
· FFS the exact value of X
· FFS for multiple active BWP, multiple TRP, multiple carriers, multi beams
· FFS for non-slot based scheduling
· FFS numerology specific X
This contribution is motivated partially by UE power saving aspects related to PDCCH monitoring continuing from [1], which discusses reduction on PDCCH blind decoding hypotheses, dynamic BW adaptation (or switching) with cross slot scheduling and activation/deactivation of control subband.
The concept of dynamic bandwidth adaptation has been agreed in NR and supported in the form of BWP (bandwidth parts). While discussions on DCI contents and formats are on-going, we should be reminded that reduction of PDCCH blind decoding hypotheses is still one of the important design goals.
Discussion
Reduction on PDCCH blind decoding
To further reduce the complexity for PDCCH decoding and improve the timeline, companies consider fewer hypotheses of blind decoding for PDCCH.
In LTE, there are 44 blind decodes hypotheses:
· UE specific: (6xAL1; 6xAL2; 2xAL4; 2xAL8) x (2 DCI sizes) = 32
· Common: (4xAL4; 2xAL8) x (2 DCI sizes) = 12
There could be multiple ways to reduce the number of hypotheses and/or the processing required for blind decoding:
(1) Limit the DCI size options
· This can be pursued once NR sub-features are settled and DCI contents are determined.
(2) Use nested search space for aggregation levels within each CORESET
· This can help reducing UE processing for multiple AL hypotheses
(3) Reduce the number of options for each aggregation level compared to LTE.
In [2], it has been proposed that UE blind decoding capability should be known by NW. Moreover, it has been proposed that the number of blind decoding can be reduced from LTE.
Proposal 1: RAN1 strives to introduce fewer blind decoding hypotheses for NR DL control channel relative to LTE.
Use of nested search space (Option 2) has been discussed for NR and some progress has been made to at least make it feasible for a UE to reuse channel estimate obtained for one RE across multiple blind decodings [3].  Also, reduction of options for each aggregation level (Option 3) could be considered during search space design. This contribution focuses on Option 1: Limiting the DCI size options. More specifically, we will introduce the concept of DCI size quantization.
DCI Size Quantization
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 has to 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 2: 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 3: All DCI formats are discerned by an identifier which is explicitly carried in the DCI payload
Proposal 4: 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 5: RAN1 considers DCI quantization for NR.
Conclusions
This contribution has discussed reduction on PDCCH blind decoding hypotheses and DCI quantization. The following proposals have been made:
Proposal 1: RAN1 strives to introduce fewer blind decoding hypotheses for NR DL control channel relative to LTE.
Proposal 2: 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 3: All DCI formats are discerned by an identifier which is explicitly carried in the DCI payload
Proposal 4: The number of bits and the enumeration of the DCI format identifier can be UE-specific based on the DCI formats in operation
Proposal 5: RAN1 considers DCI quantization for NR
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