
3GPP TSG-RAN WG1 Meeting #94
R1-1808571
Gothenburg, Sweden, August 20th – 24th, 2018
Agenda item:

7.2.6.4
Source:
Nokia, Nokia Shanghai Bell 
Title:
On compact DCI for NR URLLC 
Document for:

Discussion and Decision
1
Introduction
In RAN#80, the URLLC L1 study item was approved [1]. The following PDCCH enhancements was included as one of the objectives:

URLLC L1 improvements (RAN1) for further improved reliability/latency and for other requirements related to the use cases identified, 

· PDCCH enhancements. Study focus on Compact DCI, PDCCH repetition, increased PDCCH monitoring capability 

· UCI enhancements. Study focus on Enhanced HARQ feedback methods (increased number of HARQ transmission possibilities within a slot), CSI feedback enhancements

In this contribution, we discuss the necessity of compact DCI for NR URLLC and the possible contents of compact DCI if specified.
2
Necessity of compact DCI
The benefit of compact DCI comes from the reduced payload size, which lead to the reduced SINR requirements, better coverage, better reliability, and less overhead. To quantify the performance gain, link level simulations were performed by companies in RAN1#92bis, which was summarized in [2]. Our simulation results from [3] are included in the Appendix for convenience. With 10-bit payload reduction compared to format 0_0/1_0, we observed 0.4~0.8 dB gain for AL8 and 0.3~0.4 dB gain for AL16. Larger gain is expected for lower ALs, but lower ALs are less critical.
In our view, the gain with 10-bit payload reduction is quite minimal and may not worth the effort to define a new compact DCI format. If we indeed want to define a new format, we should target at about 1 dB gain for AL16. Based on the summary in [1], that would point towards a payload reduction of 16 bits or so.
Without introducing new DCI format, the current formats 0_1/1_1 have variable sizes (see Tables 1 and 2 in section 3). By configuration, formats 0_1/1_1 may be able to achieve even smaller sizes than formats 0_0/1_0 (with limited reduction though because the fields with fixed size cannot be touched). One question would be whether we can directly use formats 0_1/1_1 to achieve some payload size reduction by configuration. One consideration is that we should have a way to use different fields for eMBB and URLLC (corresponding to different configurations) for a UE supporting both, so that eMBB can be supported more efficiently with the full flexibility/configurability of formats 0_1/1_1 while still being able to satisfy URLLC requirements using a DCI with reduced payload. This cannot be achieved currently because once the configuration is done to achieve smaller sizes for formats 0_1/1_1, it will be applied to both URLLC and eMBB. Defining a different DCI format would be a straightforward and simple way to achieve separate configurations for URLLC and eMBB.
Proposal 1: If new compact DCI formats are to be specified, the design should target towards ~1 dB gain for AL16 (for the best case).

3
Contents of compact DCI

If a new DCI format is to be specified, as mentioned above, we should be able to support a significant reduction in DCI size to worth the effort. On the other hand, the DCI size can also be variable depending on configurations, so that more flexibility can be provided. This would allow the gNB to use configurations to reduce the DCI size to the minimum if coverage/reliability is an issue, or have a moderate DCI size with more scheduling flexibility/efficiency otherwise. In this section, we discuss the possible fields to be included in the DCI and the corresponding field length if compact DCI is to be specified.
In Table 1, for DL assignment, the fields for formats 1_0 and 1_1 are listed, and the proposal for the fields in the compact DCI is provided. Similarly, Table 2 provides the contents for UL grant. In both tables, an example field length is provided which corresponds to either a reasonable value or a minimum value in case we want to minimize the payload size. This provides an estimate on how many bits can be reduced in the best scenario.
In general it is desirable to align the size of the new formats for DL and UL to reduce the blind decoding effort. The size difference between the two would not be large anyway when we try to minimize the payload, so the performance impact should be minimal.
The tables are mostly self-explanatory, but there are a few points that are worth more explanation.
· Frequency RA

· URLLC in many cases may use a smaller transmission duration (e.g. non-slot-based), therefore it may require a larger allocation in frequency domain. This means that for example for type 1, the resource allocation unit can be larger than one PRB. The RBG size can be configurable, so that the gNB can flexibly determine the RBG size based on e.g. the traffic profile, system load, etc. Both type 0 and type 1 resource allocation could be supported.
· Time RA

· There was proposal in the past to use relative timing instead of absolute timing for URLLC time RA in order to reduce the number of bits. However, currently the time RA table is configurable. So even with absolute timing, the table can be configured properly to achieve the size reduction of the field.
· MCS

· There have been proposals to reduce the number of bits for MCS indication. This can be achieved by either defining new MCS tables in the specifications with reduced entries, or make the entries of the new MCS table(s) fully configurable. It is not desirable to spend significant amount of time on defining new MCS tables. At the same time, having configurable entries provides full flexibility at the gNB scheduler. So if there is a desire to reduce the field size, having configurable entries would be the preferred approach.
· Number of repetitions

· Currently the number of repetitions is semi-statically configured. However this is very inefficient because the gNB cannot dynamically determine the number of repetitions based on the payload size, the frequency RA size, and/or the service type (eMBB or URLLC), etc. Therefore we propose to have a field for dynamic indication of the number of repetitions. We also propose to add such a configurable field for the existing formats 0_1/1_1 in our companion contributions [4][5], where more detailed discussion is provided.
Table 1 Contents of the DCI formats for DL assignment
	Field
	Field length and notes

	
	Format 1_0
	Format 1_1
	New format

	Format identifier
	1 bit
	1 bit
	1 bit

	Carrier indicator
	
	0 or 3 bits
	No

	BWP indicator
	
	0 or 1 or 2 bits
	No

	Freq-domain RA
	9 bits (25 PRBs)
13 bits (100 PRBs)

16 bits (275 PRBs)
	variable
	Reduced # of bits with configurable # of RBs per RBG
(example: 9 bits for 100 PRBs with type 1 and RBG=4 RBs)

	Time-domain RA
	4 bits
	0-4 bits depending on RRC configuration
	Configurable, same as 1_1 (example: 2 bits)

	VRB-to-PRB mapping
	1 bit
	0 or 1 bit
	0 bit (use higher layer configuration)

	PRB bundling size indicator
	
	0 or 1 bit
	Configurable, same as 1_1 (example: 0 bit)

	Rate matching indicator
	
	0, 1, or 2 bits
	Configurable, same as 1_1 (example: 0 bit)

	ZP CSI-RS trigger
	
	0, 1, or 2 bits
	No

	MCS
	5 bits
	5 bits
	5 bits or configurable MCS entries (example: 4 bits)

	NDI
	1 bit
	1 bit
	1 bit

	RV
	2 bits
	2 bits
	2 bits or configurable (example: 1 bit)

	MCS for the 2nd TB
	
	5 bits
	No

	NDI for the 2nd TB
	
	1 bit
	No

	RV for the 2nd TB
	
	2 bits
	No

	HARQ process #
	4 bits
	4 bits
	Configurable (example: 2 bits)

	DAI
	2 bits
	0, 2 or 4 bits
	Configurable, same as 1_1 (example: 0 bits)

	TPC for PUCCH
	2 bits
	2 bits
	2 bits

	PUCCH resource indicator
	3 bits
	3 bits
	Configurable (example: 2 bits)

	PDSCH-to-HARQ feedback timing indicator
	3 bits
	0, 1, 2, or 3 bits
	Configurable, same as 1_1 (example: 1 bit)

	Ant ports
	
	4, 5, or 6 bits
	No

	TCI
	
	0 or 3 bits
	No

	SRS request
	
	2 or 3 bits
	No

	CBGTI
	
	0, 2, 4, 6 or 8 bits
	No

	CBGFI
	
	0 or 1 bit
	No

	DMRS sequence initialization
	
	0 or 1 bit
	No

	Number of repetitions
	
	
	Configurable (example: 0 bit)

	Total
	41 bits (100 PRBs)
	
	Example: 25 bits (100 PRBs)


Table 2 Contents of the DCI formats for UL grant
	Field
	Field length and notes

	
	Format 0_0
	Format 0_1
	New format

	Format identifier
	1 bit
	1 bit
	1 bit

	Carrier indicator
	
	0 or 3 bits
	No

	UL/SUL indicator
	
	0 or 1 bit
	No

	BWP indicator
	
	0 or 1 or 2 bits
	No

	Freq-domain RA
	9 bits (25 PRBs)
13 bits (100 PRBs)

16 bits (275 PRBs)
	varaible
	Reduced # of bits with configurable # of RBs per RBG
(example: 9 bits for 100 PRBs with type 1 and RBG=4 RBs)

	Time-domain RA
	4 bits
	0-4 bits depending on RRC configuration
	Configurable, same as 1_1 (example: 2 bits)

	Freq hopping flag
	1 bit
	0 or 1 bit
	Configurable, same as 1_1 (example: 0 bits)

	MCS
	5 bits
	5 bits
	5 bits or configurable MCS entries (example: 4 bits)

	NDI
	1 bit
	1 bit
	1 bit

	RV
	2 bits
	2 bits
	2 bits or configurable (example: 1 bit)

	HARQ process #
	4 bits
	4 bits
	Configurable (example: 2 bits)

	1st DAI
	
	1 or 2 bits
	No

	2nd DAI
	
	0 or 2 bits
	No

	TPC for PUSCH
	2 bits
	2 bits
	2 bits

	SRS resource indicator
	
	
	No

	Precoding / # of layers
	
	0-6 bits
	No

	Ant ports
	
	2-5 bits
	No

	SRS request
	
	2 or 3 bits
	No

	CSI request
	
	0-6 bits
	Configurable, same as 1_1 (example: 0 bit)

	CBGTI
	
	0, 2, 4, 6 or 8 bits
	No

	PTRS-DMRS association
	
	0 or 2 bits
	No

	Beta offset indicator
	
	0 or 2 bits
	No

	DMRS sequence initialization
	
	0 or 1 bit
	No

	UL-SCH indicator
	
	1 bit
	No

	padding
	
	
	

	UL/SUL indicator
	0 or 1 bit (Note this doesn’t change the DCI size)
	
	

	Number of repetitions
	
	
	Configurable (example: 0 bit)

	Total
	34 bits (for 100 PRBs, not counting UL/SUL indicator)
	
	Example: 22 bits (100 PRBs)


Proposal 2: If new compact DCI formats are to be specified, consider the new formats in Tabes 1 and 2, and align the size of the new DL and UL formats.
4
Conclusion

Proposal 1: If new compact DCI formats are to be specified, the design should target towards ~1 dB gain for AL16 (for the best case).

Proposal 2: If new compact DCI formats are to be specified, consider the new formats in Tabes 1 and 2, and align the size of the new DL and UL formats.
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Appendix: Performance evaluation of compact DCI

Here we include our performance evaluation results for compact DCI from [3] in RAN1#92bis for convenience.

Based on the discussion outcome from the RAN1#92 meeting, we have run various link level simulations to evaluate the potential performance gains from compact DCI design. In our simulation we have taken the agreed simulation parameters and the main objective is to compare the performance of normal DCI (40 bits) and compact DCI (30bits) with 2-symbol length CORESET. More detailed simulation parameters can be found in Appendix.
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(a) TDL-A 30ns                                             (b) TDL-C 300ns

Figure 2‑1 Performance evaluation of DCI with different sizes at 4GHz
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(a) TDL-A 30ns                                              (b) TDL-C 300ns
Figure 2‑2 Performance evaluation of DCI with different sizes at 700MHz

The performance gain from the 30-bit compact DCI is summarized in Table 1. We compare the SINR at BLER=10-4 as the curves appear to have better statistical convergence at this level. We do not expect much difference at BLER=10-5 because the curves have similar slope. Generally speaking, less performance gain is observed for higher AL.
Table 2 SINR gain with 30-bit DCI vs 40-bit DCI at BLER of 1e-4
	SINR gain (dB)
	4GHz, 4Rx
	700MHz, 2Rx

	
	TDL-A 30ns
	TDL-C 300ns
	TDL-A 30ns
	TDL-C 300ns

	AL 8
	~0.4
	~0.8
	~0.4
	~0.8

	AL 16
	~0.3
	~0.3
	~0.3
	~0.4


Observation 1: With the agreed RAN1 link level simulation assumptions, 0.4~0.8 dB gain can be achieved with the compact DCI (30 bits vs. 40 bits) with AL 8 at BLER=10-4.
Observation 2: With the agreed RAN1 link level simulation assumptions, 0.3~0.4 dB gain can be achieved with the compact DCI (30 bits vs. 40 bits) with AL 16 at BLER=10-4.

