Page 1
[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting 90bis 	R1-1717370
Prague, CZ, 9th – 13th, October 2017
Agenda Item:	7.2.2.5
Source: 	Intel Corporation
[bookmark: Title]Title:	CQI/MCS for NR
Document for:	Discussion/Decision
· Introduction
In RAN1 AH #3, the following agreement was made with respect to CQI and MCS design for NR:
Agreement:
[bookmark: _Hlk493694228]Different CQI tables can be configured to a UE at least in order to support different maximum order of modulations
· FFS: Whether the different CQI tables should consider minimum coding rate
In this contribution, we discuss aspects related to CQI/MCS table design, including the switching points, the granularities, etc. 
· Discussion on CQI Table Design
For NR-LDPC, two base graph design was agreed. The two base graphs, BG1 and BG2, cover different range of code block lengths and rates, with some overlap. The exact use cases for BG1 and BG2 is under discussion.
The switching points between different modulation orders in the design of CQI table, should be selected taking into account the performance, decoding latency for a scheduled MCS, etc. Support of different modulation orders at the same SE, can be an anticipated feature, but whether and how to support should be further discussed taking into account the tradeoffs, including CQI payload size, etc. If the decoding latency and (/or) performance are degraded at the overlapping SE, it would be desirable to support the spectral efficiency with only a single modulation order, at least from a feedback perspective, on the downlink.
Reference Resource Configuration
For NR, the reference resource configuration which is considered to derive the CQI tables (i.e. MCS/SNR, etc.) can be precisely defined, similar to LTE. The reference configuration can include CP length, RV, PDSCH resource allocation (e.g. number of OFDM symbols), which may be configured or predetermined and any associated overhead, etc.
NR can use the same resource configuration as LTE, or an increased amount of resources (e.g., 8 PRB instead of 4) may better suit the NR requirements. 
Proposal 1: The reference resource for CQI definition is configured by higher layers as part of CSI feedback configuration.
LTE-CQI table and modifications to accommodate LDPC
There are multiple options to define a CQI table for NR, while reusing some principles from LTE-CQI design:
· Option 1: Reuse the LTE CQI table (see [1] for details) with no changes to SE
· The SNR spacing (due to LDPC performance) may not be as even as LTE. Note that the modulation order can still be determined separately for LDPC, considering factors like decoding latency and performance. 
· Option 2: Adjust the CQI table to follow LTE principle of defining CQI-SE that yield equal spacing in SNR
· In this case, LDPC performance is evaluated and SE are determined such  that they yield uniformly spaced SNRs between the min and max SNR values determined for LDPC (at least for up to 64QAM). 
· For LDPC, SNR ranges from -7.41 to 19.41 for 64QAM case, resulting in ~1.9157dB steps, compared to LTE step size of 1.89dB.
The difference between above two options may not be significant when the same reference resource definition as LTE is used to estimate SE vs SNR. 
Option 2 may be preferable if the principle of equal spacing in SNR is to be strictly adhered to. This results in CQI table as presented in Table 1. In either case, the modulation order at the switching point(s) should be adjusted based on the performance and possibly latency considerations.  
Table 1. Proposed 4-bit CQI Table. 
	
	
	No 256-QAM
	
	with 256-QAM
	 

	CQI Index
	Modulation
	SE 
	code rate x 1024
	SNR (dB) @ 10% BLER: 
	Modulation
	SE
	code rate x 1024
	SNR (dB) @ 10% BLER: 
	 

	1
	2
	0.15
	77
	-7.41
	2
	0.15
	   77
	-7.41
	Note 1: BG2 used for SE 0.15 ~ 2.42, otherwise BG1
 
 
 
 
 
 
 
 
 
 
 
 
 
 

	2
	2
	0.25
	   128
	-5.49
	2
	0.4
	   205
	-3.58
	

	3
	2
	0.40
	   205
	-3.58
	2
	0.86
	   440
	0.25
	

	4
	2
	0.60
	   307
	-1.66
	4
	1.46
	   374
	4.08
	

	5
	2
	0.86
	   440
	0.25
	4
	1.93
	   494
	6
	

	6
	2
	1.17
	   599
	2.17
	4
	2.42
	   620
	7.92
	

	7
	4
	1.46
	   374
	4.08
	4
	2.89
	   740
	9.83
	

	8
	4
	1.93
	   494
	6.00
	6
	3.38
	   577
	11.75
	

	9
	4
	2.42
	   620
	7.92
	6
	3.96
	   676
	13.66
	

	10
	4
	2.89
	   740
	9.83
	6
	4.57
	   780
	15.58
	

	11
	6
	3.38
	   577
	11.75
	6
	5.14
	   877
	17.49
	

	12
	6
	3.96
	   676
	13.66
	8
	5.56
	   712
	19.41
	

	13
	6
	4.57
	   780
	15.58
	8
	6.08
	   778
	21.27
	

	14
	6
	5.14
	   877
	17.49
	8
	6.69
	   856
	23.13
	

	15
	6
	5.56
	   949
	19.41
	8
	7.41
	   948
	24.99
	


Overall, NR CQI design could follow the LTE principles with small adjustment according to LDPC performance. In summary, separate tables for 256-QAM and no 256-QAM can be defined, usage being configured by gNB as part of CSI configuration. 
Proposal 2: Adopt at least two separate 4-bit CQI tables for NR -  1) one for maximum modulation order is 256-QAM and 2) one for maximum modulation order is smaller than 256-QAM.
Proposal 3: The CQI table is defined using at least the following fields: CQI index, modulation order, and code rate x 1024.
Proposal 4: For NR, design the CQI tables based on the following principles:
· Follow LTE procedure of defining CQI-SE, with adjustments accounting for the LDPC and its performance.
· Modulation order at the switching points should be adjusted based on performance and latency; some overlaps are also considered at the transition points.
· Discussion on MCS Table Design 
Assuming similar resource allocation as in LTE, and based on the proposed CQI table, the MCS table can be derived.
One approach to design the MCS table is by first adopting the modulation and spectral efficiency values from the designed CQI table and using them directly in the MCS table. Then, interpolating the SE values based on even spacing in SNR or taking the average between every two consequent SEs, can result in the intermediate levels. The spacing between adjacent indices for MCS levels should be discussed, e.g., whether to be SNR-based or SE-based
At the modulation order switching points, the modulation should be selected based on the performance. Some overlap for MCS at the modulation switching points may also be considered to better adapt to different frequency selectivity of the channel for SCW, at the price of decoding latency (can be estimated by the number of edges in the decoding graph). For the same SE, the higher rate with lower modulation order results in lower decoding latency for LDPC code. In case any benefits are shown by allowing different modulation schemes for a given SE, then such optimizations can also be considered. 
One aspect that requires more considerations for NR is whether the MCS table, similar to LTE, explicitly indicates the transport block sizes, or it is strictly a spectral efficiency indication and the actual transport block size will be computed based on the RB and SE. Both of these options are open and it is likely to be a combination of the two options. The TBS/MCS field may also become longer, accordingly. This is discussed in [2].
DFT-s-OFDM, and Pi/2 BPSK considerations in uplink 
In NR, all the modulation schemes supported in LTE, as well as pi/2-BPSK has to be supported in MCS design, with DFT-precoded OFDM (a.k.a. DFT-s-OFDM, which is configurable) for the uplink transmission direction. 
In the case of DFT-s-OFDM, the first MCS index (lowest SE) may be dedicated to pi/2-BPSK, i.e., supported only for very low spectral efficiency, with limitation on resource allocation (1 to 2 PRBs), and possibly with some form of slot aggregation to improve the coverage. Some restriction on PRB allocation for pi/2-BPSK, and small SE is required to allow reasonable TBS, since the minimum TBS will likely be around 40 bits (including TB CRC) (see [2]). 
256-QAM considerations
To achieve the high peak throughput, the highest MCS (max SE) level should be around 0.932 * (max modulation order), where 0.932 is roughly the maximum coding rate for LDPC (exact value is TBD). As in LTE, the 256-QAM should be configurable in NR. Similarly, the MCS table should be designed with and without this modulation order configured. 
 5-bit versus 6-bit MCS table design
Addition of new modulations to the legacy supported schemes, requires introduction of new MCS tables for every combination of the configured cases.  In order to accommodate all the possible agreed modulation schemes without the need to design several tables, one possible approach for NR is to adopt a 6-bit MCS table. This way, we can define all the required spectral efficiencies and have finer control over the supported SEs. Based on whether some scheme is configured or not, the corresponding MCS levels may or may not be used. 
If certain modulation is not enabled (e.g., pi/2-BPSK or 256QAM), the spectral efficiencies from that scheme (especially the lowest or highest SE values), can be translated to adjacent modulation scheme (e.g., QPSK or 64QAM, respectively), similar to LTE UL. 
It is noted that modulation orders higher than 256-QAM, e.g., 1024-QAM, will likely be adopted in LTE and NR will need to support it as well for feature parity. A 6-bit MCS table with some reserved entries to accommodate 1024-QAM modulation can make the overall MCS design simple and forward-compatible, with minimal impact on spec development. 
Based on all the above considerations, we discuss the MCS table for NR in the following. 
MCS Table design
For MCS table design in NR, depending on the different configurations, the transmission direction, etc., the following cases should be considered. The MCS range may also be RRC configured to a UE to keep a fixed overhead for MCS indication.
1. Non-256-QAM, DL: 14 entries from CQI table1, 13 interpolated entries, 2 overlap (at the modulation order transition points), and 3 implicit entries for reTx with three different modulation orders are introduced at the end, resulting in a 5-bit MCS table as presented in Table 2.
2. 256-QAM, DL: 12 entries from CQI table2, 16 interpolated entries, no overlap and 4 implicit entries. See Table 2.
3. Non-256-QAM, UL: reuse same MCS as DL for default setting
a. DFT-SOFDM (reuse same MCS as DL, with possible flexibility in modulation order transition)
b. DFT-SOFDM + pi/2-BPSK (reuse same MCS as DL, with possible flexibility in modulation order transition), see Table 2.
4. 256-QAM, UL: reuse same MCS as DL for default setting
a. DFT-SOFDM (reuse same MCS as DL, with possible flexibility in modulation order transition)
b. DFT-SOFDM + pi/2-BPSK: Not considered. We note that the support of pi/2 BPSK and 256QAM mainly depends on the UE geometry, e.g., whether UE is in a bad or good coverage. It may be possible to use RRC to configure UE to support one of these modulations. It may not be necessary to use DCI to dynamically switch one to another. Further, it seems more reasonable that pi/2 BPSK is treated separately from other modulations. 
5. For UL, even 64QAM may be configured independently, where LTE-like handling of 64-QAM can be applied.

Proposal 5: 5-bit MCS tables are adopted with and without 256-QAM configured, for different supported waveforms. 
Proposal 6: The following fields are used in defining the MCS table: MCS index and a corresponding modulation order and code rate x 1024.
Proposal 7: Some entries are supported in the MCS table, for implicit rate/TBS determination (e.g., similar to LTE MCS 29-31).
Proposal 8: For NR, adopt the MCS tables based the following principles:
· Adopt modulation and SE values from CQI table, and interpolate SE values to obtain the intermediate levels.
· Modulation order at the switching points should be adjusted based on performance and latency; some overlaps are also considered at the transition points. 
· In the case of DFT-s-OFDM, the first MCS index(s) (i.e., lowest SE(s)) can be dedicated to pi/2-BPSK, in combination with some limitation on resource allocation.



Table 2. Proposed 5-bit MCS Tables: without 256QAM and without pi/2-BPSK configured (left), without 256QAM and with pi/2-BPSK configured (middle), and with 256QAM configured (right)
	MCS Index
	Modulation
	SE
	Comment
	Modulation
	SE
	Comment
	Modulation
	SE
	Comment

	1
	2
	0.25
	from CQI table
	1
	0.15
	Extending the lowest SE
	2
	0.25
	from CQI table

	2
	2
	0.323
	Average Efficiency
	1
	0.25
	from CQI table
	2
	0.396
	from CQI table

	3
	2
	0.396
	from CQI table
	1
	0.396
	from CQI table
	2
	0.597
	from CQI table

	4
	2
	0.4965
	Average Efficiency
	1
	0.597
	from CQI table
	2
	0.856
	from CQI table

	5
	2
	0.597
	from CQI table
	1
	0.727
	Average Efficiency
	2
	1.166
	from CQI table

	6
	2
	0.7265
	Average Efficiency
	1
	0.856
	Overlap
	4
	1.46
	from CQI table

	7
	2
	0.856
	from CQI table
	2
	0.856
	from CQI table
	4
	1.695
	Average Efficiency

	8
	2
	1.011
	Average Efficiency
	2
	1.011
	Average Efficiency
	4
	1.93
	from CQI table

	9
	2
	1.166
	from CQI table
	2
	1.166
	from CQI table
	4
	2.174
	Average Efficiency

	10
	2
	1.313
	Average Efficiency
	2
	1.313
	Average Efficiency
	4
	2.418
	from CQI table

	11
	4
	1.313
	Overlap
	4
	1.313
	Overlap
	4
	2.654
	Average Efficiency

	12
	4
	1.46
	from CQI table
	4
	1.46
	from CQI table
	4
	2.89
	from CQI table

	13
	4
	1.695
	Average Efficiency
	4
	1.695
	Average Efficiency
	4
	3.135
	Average Efficiency

	14
	4
	1.93
	from CQI table
	4
	1.93
	from CQI table
	6
	3.38
	from CQI table

	15
	4
	2.174
	Average Efficiency
	4
	2.174
	Average Efficiency
	6
	3.67
	Average Efficiency

	16
	4
	2.418
	from CQI table
	4
	2.418
	from CQI table
	6
	3.96
	from CQI table

	17
	4
	2.654
	Average Efficiency
	4
	2.654
	Average Efficiency
	6
	4.265
	Average Efficiency

	18
	4
	2.89
	from CQI table
	4
	2.89
	from CQI table
	6
	4.57
	from CQI table

	19
	4
	3.135
	Average Efficiency
	4
	3.135
	Average Efficiency
	6
	4.855
	Average Efficiency

	20
	6
	3.135
	Overlap
	6
	3.135
	Overlap
	6
	5.14
	from CQI table

	21
	6
	3.38
	from CQI table
	6
	3.38
	from CQI table
	6
	5.35
	Average Efficiency

	22
	6
	3.67
	Average Efficiency
	6
	3.67
	Average Efficiency
	8
	5.56
	from CQI table

	23
	6
	3.96
	from CQI table
	6
	3.96
	from CQI table
	8
	5.82
	Average Efficiency

	24
	6
	4.265
	Average Efficiency
	6
	4.265
	Average Efficiency
	8
	6.08
	from CQI table

	25
	6
	4.57
	from CQI table
	6
	4.57
	from CQI table
	8
	6.385
	Average Efficiency

	26
	6
	4.855
	Average Efficiency
	6
	4.855
	Average Efficiency
	8
	6.69
	from CQI table

	27
	6
	5.14
	from CQI table
	6
	5.14
	from CQI table
	8
	7.05
	Average Efficiency

	28
	6
	5.35
	Average Efficiency
	6
	5.35
	Average Efficiency
	8
	7.41
	from CQI table

	29
	6
	5.56
	from CQI table
	6
	5.56
	from CQI table
	2
	 
	Retx with TBS determined from initial Tx

	30
	2
	 
	Retx with TBS determined from initial Tx
	2
	 
	Retx with TBS determined from initial Tx
	4
	 
	Retx with TBS determined from initial Tx

	31
	4
	 
	Retx with TBS determined from initial Tx
	4
	 
	Retx with TBS determined from initial Tx
	6
	 
	Retx with TBS determined from initial Tx

	32
	6
	 
	Retx with TBS determined from initial Tx
	6
	 
	Retx with TBS determined from initial Tx
	8
	 
	Retx with TBS determined from initial Tx


6. Summary
This document presented our views on aspects related to CQI/MCS table design, including the switching points, the granularities, etc.
Proposal 1: The reference resource for CQI definition is configured by higher layers as part of CSI feedback configuration.
Proposal 2: Adopt at least two separate 4-bit CQI tables for NR -  1) one for maximum modulation order is 256-QAM and 2) one for maximum modulation order is smaller than 256-QAM.
Proposal 3: The CQI table is defined using at least the following fields: CQI index, modulation order, and code rate x 1024.
Proposal 4: For NR, design the CQI tables based on the following principles:
· Follow LTE procedure of defining CQI-SE, with adjustments accounting for the LDPC and its performance.
· Modulation order at the switching points should be adjusted based on performance and latency; some overlaps are also considered at the transition points.
Proposal 5: 5-bit MCS tables are adopted with and without 256-QAM configured, for different supported waveforms. 
Proposal 6: The following fields are used in defining the MCS table: MCS index and a corresponding modulation order and code rate x 1024.
Proposal 7: Some entries are supported in the MCS table, for implicit rate/TBS determination (e.g., similar to LTE MCS 29-31).
Proposal 8: For NR, adopt the MCS tables based the following principles:
· Adopt modulation and SE values from CQI table, and interpolate SE values to obtain the intermediate levels.
· Modulation order at the switching points should be adjusted based on performance and latency; some overlaps are also considered at the transition points. 
· In the case of DFT-s-OFDM, the first MCS index(s) (i.e., lowest SE(s)) can be dedicated to pi/2-BPSK, in combination with some limitation on resource allocation.
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