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1. Introduction
Following are some agreements achieved in previous RAN1 meetings that relates to NR DCI format design [1-5].
	(RAN1 #87) Agreements:
· Define at least two sets of transmission parameters, where

· Transmission parameter set 1: parameters configured (FFS: L1 or L2 or L3)

· For default transmission scheme, specify default values of parameters in the Transmission parameter set 1

· FFS: Whether default value can be derived implicitly
· Note that depending on parameter settings in transmission parameter set 1, the size of transmission parameter set 2, i.e. DCI size, may vary. 

· Transmission parameter set 2: parameters indicated by physical layer (e.g. NR PDCCH channel)
· FFS whether multiple subsets is supported and how to simplify DCI format
· Note: some transmission parameter may belong to both set-1 and set-2

· Detail parameters and usage condition are TBD
(RAN1 #88) Agreements:

· NR supports the following number of codewords per PDSCH/PUSCH assignment per UE:

· For 1 to 2-layer transmission: 1 codeword

· For 5 to 8-layer transmission: 2 codewords

· FFS for 3 & 4-layer transmissions – revisit today 
(RAN1 #88bis) Agreements:

· Confirm the following working assumption as an agreement:

· For 3 and 4-layer transmission, NR supports 1 codeword (CW) per PDSCH/PUSCH assignment per UE

· FFS: the support of mapping 2-CW to 3 layers and 2-CW to 4 layers
· DMRS port groups belonging to one CW can have different QCL assumptions
· One UL- or DL-related DCI includes one MCS per CW

· One CQI is calculated per CW
(RAN1 #89) Agreements:

· For >4-layer transmission, each of the two CWs is mapped to at most 4 layers.
(RAN1 NR AH#3) Agreement:
· At least two DCI sizes are defined.
· One DCI size, which is at least for the purpose of fallback.

· FFS: for other purposes.

· One DCI size depending on configuration

· FFS: whether both DL and UL have the same size or different.

· FFS: for group-common DCI/PDCCH
· Note: the UE is not necessarily required to monitor two DCI sizes at the same monitoring occasion
(RAN1 #90bis) Agreements:

· For multiple DCI formats with the same DCI size of a same RNTI, an explicit identifier is included in the respective DCI format to distinguish them
· Note: the same DCI size may come from a few (but not a large number of) zero-padding bits at least in UE-specific search space
Agreements:

· For a UE, DCI format size itself is not part of RRC configuration irrespective of BWP activation & deacviation in a serving cell

· Note: DCI format size may still depend on different operations and/or configurations (if any) of different information fields in the DCI



DCI contents and format have been being discussed in email thread [90b-NR-25].
2. Discussion
According to the agreements in RAN1 #88 and #88bis, 1 CW for 1 to 4-layer transmission and 2 CWs for 5 to 8-layer transmission. Compared to 1 CW case, 2 CWs would add an additional block of bit fields to DCI, containing MCS/RV/NDI and possibly CBGTI/CBGFI (if CBG-based transmission is configured), as shown in Figure 1. 
In terms of DCI format design, it is feasible that DCI format size depends on configurations (if any) of different information fields, such as CFI, type of RA, etc, However, aiming to support dynamic transmission rank switching or dynamic transmission mode, a potential method is to indicat actual number of CWs implicitly by the value of rank indicator (RI) field. Specifically, RI with fixed length could be decoded firstly, and then the number of CWs and possibly DCI payload size (this depends on the detailed DCI content design) could be implicitly identified.
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Figure 1 An illustrative DCI format for 1 CW and 2 CWs

This design is feasible from technical perspective as Polar code has been adopted for DL control channel [1]. All the existing decoders of Polar code are based on successive cancellation (SC) decoder. Be different from the traditional channel coding (TBCC) in LTE, SC decoder enables the info bits to be decoded successively. Taking advantage of this property, the K bits of RI field is decoded first, and then the following decoding process could be adjusted and continued correspondingly based on the judgment of actual RI [6][7]. Motivated by this property, the number of CWs could be informed dynamically by RI. If the number of transmission layer exceeds a threshold (e.g., 4-layer transmission based on current agreements), the decoder would continue the decoding process based on a long bit length, and otherwise based on a short bit length. It is evident that such DCI format and decoding design are feasible without increasing the blind decoding complexity at UE side.
Note that for this proposed method could be considered for DL general or UL general DCI format design but not for fallback DCI format. 

Proposal 1: Support implicit and dynamic indication of codeword number by RI field in NR DCI format.
3. Evaluation

In this section, we evaluate the impact of dynamic indication on BLER performance. In the evaluation, K (the field of RI) is set to 3, which means the decoding process would pause when the RI bits is decoded. The short DCI bit length with 1 CW is set to 59 bits and the long DCI bit length with 2 CWs is set to 67 bits. Note that the number of DCI bits is only based the latest progress of DCI content with TB based transmission. Specifically, the difference of 8 bit comes from 5 bits MCS, 2bits RV and 1bit NDI for the 2nd CW. Three encoded bit lengths are evaluated for different ALs=1/2/4, i.e., N=108/216/432. The results are shown as following.
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Figure 2 The impact of dynamic indication on BLER performance
From Figure 2, we observe that, with a shorter encoded bit length (N=108), a considerable performance degradation on BLER is caused by dynamic indication, about 0.xdB @1% BLER. With a longer encoded bit length (N=236/432), the performance loss is generally negligible. Note that N=216/432 corresponds to aggregation level 2/4 with 1/4 RS density per REG, respectively. It is obvious that a larger aggregation level would be more possibly to be used for a larger DCI payload size (e.g., DCI format with 2 CWs) to ensure the reliable reception of NR-PDCCH on UE side, under which the BLER performance is hardly impacted by dynamic indication.
Observation 1: With a larger aggregation level for NR-PDCCH, the degradation caused by dynamic indication of codeword number is generally negligible.
4. Conclusions 
In this contribution, we discuss and evaluate dynamic DCI format indication with following proposal and observation:
Observation 1: With a larger aggregation level for NR-PDCCH, the degradation caused by dynamic indication of codeword number is generally negligible.
Proposal 1: Support implicit and dynamic indication of codeword number by RI field in NR DCI format.
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