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Introduction
In RAN #71, a new study item New Radio (NR) Access Technology was approved.  The specifications are finalized for eMBB data applications during the previous RAN meeting. However, another important use case of NR is Ultra Reliable Low Latency Communication (URLLC).  The target of URLLC is to meet the performance requirements set forth in TR 38.913.
[bookmark: _Ref378529477]In this contribution we provide our views on the contents of DCI in particular regarding the redundancy version indication in downlink control channel for URLLC. In summary we provide several solutions for reducing the payload for indicating redundancy version. 
Indication of Redundancy Version in DCI 
In section 7.3.1.2 of TS 38.212, it is mentioned that each transport block

For transport block 1: 
-	Modulation and coding scheme – 5 bits as defined in Subclause x.x of [6, TS38.214]
-	New data indicator – 1 bit
-	Redundancy version – 2 bits as defined in Table 7.3.1.1.1-2
For transport block 2 (only present if Number-MCS-HARQ-DL-DCI equals 2): 
-	Modulation and coding scheme – 5 bits as defined in Subclause x.x of [6, TS38.214]
-	New data indicator – 1 bit
-	Redundancy version – 2 bits as defined in Table 7.3.1.1.1-2
That is the signaling overhead is 2 bits per each transport block. Note that the RV indication in the DCI structure is taken from the legacy LTE/HSPA DCI structure.  However, we would like to mention that subblock interleaving and rate matching procedure are different for LDPC and turbo codes. For LDPC codes the starting position of each redundancy version as indicated in the table 1 also shows as circular buffer in Figure 1.

Table 1: Starting position of different redundancy versions, 
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Figure 1 Redundancy versions using circular buffer


In NR, for each transmission, the network needs to inform to the UE which redundancy version it is currently scheduling.  From simulations, we observed that the only few redundancy versions (RV0 and RV3) are self-decodable for all code rates.  From network perspective, we observed that first transmission is always uses RV0, since the systematic bits are sent in RV0 and it is beneficial to send the RV0 in the first transmission. However, if we send RV0 in initial transmission irrespective of deployment or the UE channel characteristics, we feel that there is no need to indicate RV0 in the first transmission (new transmission).  That is for first transmission, the network can use the following structure to indicate RV0.
That is the first transmission is indicated using a bit called New Data Indicator (NDI) for each TB. This implies that for the first transmission, without indicating RV explicitly, we can use NDI bit so that UE knows that this is first transmission and use RV0 for this transmission.  i.e. whenever the NDI bit is set to 1, it implies that RV0 is being used for the transmission. Hence we can save 2 bits for each TB for the first transmission.


           DCI without RV for each TB, NDI=1 indicate RV0



Figure 2 Downlink control channel structure for the first transmission
For all the other (re) transmissions, conventional downlink structure as shown in Figure 3 is reused to indicate the RV, i.e. same structure as that of TS 38.212
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Figure 3 Downlink control channel for re transmissions. 

In another technique, we can use joint encoding of NDI and RV as below. That is instead of using separate fields for RV and NDI for each TB, the bits are jointly encoded as shown in Table 2. In this case we can save 1 bit overhead for each TB in the DCI.

Table 1: Joint encoding of NDI and RV for DCI
	Joint Indication
	RV
	NDI

	00
	RV0
	1

	01
	RV1
	0

	10
	RV2
	0

	11
	RV3
	0




In another technique the network uses RV0 for every transmission i.e. HARQ-Chase combining, then the network can use a single bit to indicate this rather than using 2 bit to indicate RV.  i.e. introduce a new bit to differentiate  HARQ-CC or HARQ-IR. If that bit is set to 0 (HARQ-CC) means, RV0 is used for the current transmission, however when that bit is set to 1 (HARQ-IR), then additional 2 bits are used for each TB to indicate the RV for the current transmission. Hence for CC, only 1 bit is used, while for IR, 3 bits are used to indicate RV.  Hence we propose

Proposal 1: To reduce the DCI payload, for the first transmission, RV is indicated using implicitly indication as part of NDI

Proposal 2: Joint encoding of NDI and RV is used to reduce the DCI payload

Proposal 3: Adaptive payload structure should be used for indicating RV 

Indication of Redundancy Version in Using RRC signaling
As explained in above section, for URLLC applications, we can save 2 bits for each TB by if we can avoid the RV indication.  Since the reliability of URLLC is high say 1% or 0.1%. In these cases, the probability of packet pass is very high. Hence most of the packets pass in the first attempt itself. In these cases, indicating RV0 in the first transmission does not carry any new information to the UE. In addition, we believe that for URLLC applications, retransmitting RV0 does not penalize the performance compared to re transmitting RV1, RV2 or RV3. Hence we propose that the network can indicate the RV 0 for all transmissions or multiple RV state through RRC signaling. By doing this, we can save 2 bits in each transmission for majority of the UEs. The method provides flexibility to the network vendor if the network believes HARQ-IR provides gains for a particular UE, they can enable multi state RV such that the gains can be obtained with 2 bit overhead for indicating RV. 
Hence we propose

Proposal 4: Indication of single state RV0 (HARQ-CC) or multiple state RV (HARQ-IR, RV0,1,2,3) is done using RRC signaling for reducing the payload of DCI 
DM-RS Design for URLLC PDCCH 
[bookmark: _GoBack]For NR PDSCH and PUSCH, the specification provides different DM-RS configurations. The different configurations provide flexibility based on application. However, for PDCCH only one DM-RS configuration is used. In our view the DM-RS design for URLLC PDCCH should be revisited to improve the performance of DCI. For example do we really need 25 5 of overhead or can we reduce the overhead further.  
Hence we propose

Proposal 5: RAN1 should study techniques to reduce DM-RS overhead for URLLC PDCCH 
[bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]Conclusions
In this contribution we described our views on reducing the DCI payload for NR.
[bookmark: _Ref450342757]Based on our observations, we have the following proposal:
Proposal 1: To reduce the DCI payload, for the first transmission, RV is indicated using implicitly indication as part of NDI

Proposal 2: Joint encoding of NDI and RV is used to reduce the DCI payload

Proposal 3: Adaptive payload structure should be used for indicating RV 

Proposal 4: Indication of single state RV0 (HARQ-CC) or multiple state RV (HARQ-IR, RV0,1,2,3) is done using RRC signaling for reducing the payload of DCI 

Proposal 5: RAN1 should study techniques to reduce DM-RS overhead for URLLC PDCCH 
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