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Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In RAN1 #91 meeting, most of the CQI and MCS related details were completed, and topics like TBS determination which partially depends on the MCS tables were also finalized for eMBB. However, it was agreed in RAN1 #90bis meeting [1] that N separate CQI table(s) should be supported for URLLC. 
Agreement:
N separate CQI table(s) are supported for URLLC
Downselect the value of N between 1 or 2
Two target BLER are supported for URLLC
Note: RRC signalling is used by gNB to select one of the two target BLER
Note: The configuration of target BLER or CQI table is part of CSI report setting 

Also in RAN #78 meeting [2], the above agreement was discussed and RAN confirmed to specify CQI table and MCS table design targeting high reliability. 
In this contribution, we discuss these remaining details of CQI and MCS tables for URLLC.
	Discussion
First, we discuss the MCS table for URLLC and use that to discuss the CQI entries.  
2.1 MCS table for URLLC
It is understood that the lower code rates and modulation orders should be used for URLLC, and a compact DCI size is being considered to lower the overhead and improve the reliability of URLLC PDCCH reception. In channel coding discussions, simulation assumptions on URLLC were also mainly using lower code rates and modulation order up to 16QAM. 4 bit MCS field seems sufficient for URLLC as it provides good granularity in the spectral efficiency for the region that matters and helps reducing DCI overhead. 
Observation 1: 4-bit MCS field in DCI shall be sufficient to support URLLC.
With a 4-bit MCS field, it is possible to indicate 16 different entries, but having the full range of MCSs available all UEs maybe not required when UEs are operating with different SINR operating regions. Therefore, reducing the MCS size to 2 or 3 bits could be an option here. It may be worth considering configurable MCS set with smaller MCS field size as it leads to having a more compact DCI size. The downside is that this approach could impact gNB scheduler flexibility for the retransmissions.
Observation 2: 2 or 3-bit configurable MCS field in DCI is useful for reducing the DCI size.
When selecting the entries of the MCS table for URLLC, it is important to check the coding scheme used in the transmission. LDPC base graph #2 (BG#2) is suitable for lower code rates and it would be beneficial in terms of decoder implementation if URLLC users can only operate with BG#2. Operating with lower dimensioned base graph allows UEs to reduce the implementation complexity and lower the latency. Also, it is beneficial in the TBS determination and scheduling perspective to reuse the MCS entries as much as possible from the tables defined for eMBB. Figure 1 shows BLER vs SNR for Table 5.1.3.1-1 in [3], and it has quite good separation in SNR other than the MCS entries 9 and 10.  
[image: ]
Figure 1: BLER vs SNR for MCS table for PDSCH with max 64 QAM
Considering most of these aspects, we propose MCS table for URLLC by reusing the entries in Table 5.1.3.1-1 of [3]. We remove two entries from the first 16 entries (IMCS = 9 and 14) and include lower code rate options to support rates down to 1/16, marked in yellow below.  
[bookmark: _Hlk506461009]Proposal 1: 
· If the number of MCS entries is to be reduced, MCS entries for URLLC is given as follows. 
[bookmark: _Ref506455639]Table 2‑1 MCS table for URLLC
	MCS Index
	Modulation Order
	Target code Rate x [1024]
	Spectral

	IMCS
	 Qm
	R
	Efficiency

	0
	2
	60
	 0.1172

	1
	2
	90
	 0.1758

	2
	2
	120
	  0.2344

	3
	2
	157
	  0.3066

	4
	2
	193
	  0.3770

	5
	2
	251
	  0.4902

	6
	2
	308
	  0.6016

	7
	2
	379
	  0.7402

	8
	2
	449
	  0.8770

	9
	2
	526
	  1.0273

	10
	2
	602
	  1.1758

	11
	4
	340
	  1.3281

	12
	4
	378
	  1.4766

	13
	4
	434
	  1.6953

	14
	4
	490
	  1.9141

	15
	4
	616
	  2.4063



· Further discuss configurable MCS sets to reduce the DCI payload size. 
In the proposed URLLC MCS table, we do not include reserved states as they are mainly used in the retransmissions.  At least in the case of URLLC, we believe it is not reliable enough to depend on the previous DCI to determine the TBS of the ongoing transmission. The table can be used for both PDSCH and PUSCH. In Figure 2, we provide BLER versus SNR for AWGN channel. We assume information payload K = 400 and LDPC base graph #2 in the evaluations, and it seems that the proposed MCS table has a good granularity in SNR for supporting different spectral efficiency requirements.
[image: ]
Figure 2: BLER vs SNR for MCS table for URLLC

2.2 CQI for URLLC
RAN1 agreed to reuse LTE CQI tables for NR and defined separately for maximum modulation orders of 64 QAM and 256 QAM. As CQI and MCS do not have a one-to-one mapping, the scheduler should use a certain method to select the MCS index based on the CQI feedback. To improve the reliability, the scheduler can always use lower MCS index than CQI feedback such that transmission has good reliability at the cost of spectral efficiency. On the other hand, we think that it is also possible to provide a reliable feedback for URLLC, thus it would be preferable for the gNB to have a one-to-one mapping between the CQI to the MCS available. Also, we observed that BLER has waterfall behavior at lower BLER regions and small variation in SNR can significantly change the operating region of the BLER. Considering these aspects, we think one simple solution is to have the same entries in CQI table as for the MCS table. To allow 4-bit CQI feedback possible including the “out of range” feedback, we remove one entry at higher spectral efficiency region in the CQI table. 
Observation 3: CQI table for URLLC could be defined as follows in order to support one-to-one mapping of CQI to MCS. 
Table 2‑2 CQI table for URLLC
	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	Out of range

	1
	2
	60
	 0.1172

	2
	2
	90
	 0.1758

	3
	2
	120
	  0.2344

	4
	2
	157
	  0.3066

	5
	2
	193
	  0.3770

	6
	2
	251
	  0.4902

	7
	2
	308
	  0.6016

	8
	2
	379
	  0.7402

	9
	2
	449
	  0.8770

	10
	2
	526
	  1.0273

	11
	2
	602
	  1.1758

	12
	4
	340
	  1.3281

	13
	4
	378
	  1.4766

	14
	4
	490
	 1.9141

	15
	4
	616
	  2.4063



As discussed in [4], another aspect related to URLLC CQI report is the high-reliability requirements of CQI itself. Following the operating principle as in LTE, a fixed amount of radio resources is used for delivering CQI over the PUCCH. However, the achievable reliability with such method is not sufficient, especially considering that there is a high chance that a reported wideband CQI value is decoded wrongly as higher values, which results in higher MCS selection and the reduced communication reliability. Obviously, one way to increase the reliability is to repeat the same CQI information over time, however, latency might be a problem. Other potential enhancements can be considered for example:

· Increased resource for URLLC UE CQI reporting (while keeping the same CQI payload size as eMBB URLLC UEs e.g. 4 bits): with the increased resource, the effective coding rate can be reduced which leads to more reliable CQI decoding at gNB. 
· Another alternative is to define a smaller CQI payload (while keeping the same resources between URLLC UEs and eMBB UEs): in this case the number of CQI values for URLLC UEs is smaller comparing to eMBB UEs which leads to a reduced granularity of reporting channel quality. With the same resource for CQI reporting, the reliability performance for CQI decoding can be improved.
For URLLC CQI reporting, the error of wrongly decoding as a lower CQI value results in the lower level of MCS selection which is not good from spectral efficiency point of view, however, there is no penalty on latency and reliability. On the other hand, the gNB might wrongly decode the received CQI as higher values; such error leads to the selection of a higher MCS level for data transmission and hence a reduced communication reliability. This error type brings more damage towards reliability. In the following Figure 3, we compare the error probability of decoding CQI values as higher CQI values with a smaller CQI payload (left figure, 3 vs 4bit CQI, normal resources) or with utilizing double resources for CQI transmission (right figure, 4bit CQI). The simulation assumptions are taken from TS 36.104 at -3.9dB [5]. It can be seen from the figure that double the resource will give more benefit as expected while the gain from reduced CQI payload size (3 vs 4 bits) is not neglectable either considering the URLLC use cases. In addition, it should be noted that the current LTE CQI performance requirements in RAN4 (i.e. 1%) is not sufficient for NR URLLC. 
This error probability of decoding CQI can be improved with the implementation based detection techniques, such as DTX. Also, if the payload is less than 11 bits, the coding scheme we use for UCI is reed-muller. Reed-muller codes have the capability of providing some level of error detection based on some implementation based methods. If the payload goes above 11 bits, polar coding is used where 6 CRC bit is attached. However, it may be worth considering CQI table with reduced content and resource allocation for CQI feedback to reduce this error probability.
[image: C:\Users\Hamid\Desktop\bar_3-4bits.jpg][image: C:\Users\Hamid\Desktop\bar_4bit_3.9dB_duble_resource.jpg]
Figure 3: Performance of CQI report (mainly focusing on the error probability of decoding as higher CQI values).
Based on this we have the following proposal related to CQI table and CQI transmission:
Observation 4: CQI table with reduced content (comparing to non-URLLC case) for URLLC can be defined in order to achieve high reliability. More resource can be allocation for URLLC CQI transmission for example double the resource comparing to non-URLLC case.
The following table gives one example for possible 3-bit CQI table. However, it should be noted this could bring negative impacts on spectral efficiency. Another option is instead of one-to-one mapping between CQI value and MCS, MCS selection scheme similar to current LTE can be adopted as well. That is, once a CQI is received, the gNB can always choose lower MCS index than CQI feedback to meet the reliability requirement. 
Table 2‑3 Example of 3-bit CQI table
	CQI index
	modulation
	code rate x 1024
	Efficiency

	0
	Out of range

	1
	2
	90
	0.1758

	2
	2
	170
	0.3320

	3
	2
	280
	0.5469

	4
	2
	410
	0.8008

	5
	2
	526
	1.0273

	6
	4
	378
	1.4766

	7
	4
	490
	1.9141



As discussed in MCS fields, it may be possible to configure different CQI entries to different URLLC UEs. In this way, a reduced payload for CQI report can be achieved, and the reliability for CQI report can be improved.
Considering above discussion, we propose to have 4-bit CQI table and see the possibility of reducing that further by good separation on CQI entries or via configurable CQI entries for different UEs. 
Proposal 2:
· CQI entries for URLLC is given as follows. 
	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	Out of range

	1
	2
	60
	 0.1172

	2
	2
	90
	 0.1758

	3
	2
	120
	  0.2344

	4
	2
	157
	  0.3066

	5
	2
	193
	  0.3770

	6
	2
	251
	  0.4902

	7
	2
	308
	  0.6016

	8
	2
	379
	  0.7402

	9
	2
	449
	  0.8770

	10
	2
	526
	  1.0273

	11
	2
	602
	  1.1758

	12
	4
	340
	  1.3281

	13
	4
	378
	  1.4766

	14
	4
	490
	 1.9141

	15
	4
	616
	  2.4063



· Further discuss the possibility to reduce CQI entries or define configurable CQI sets and related transmission resource allocation to reduce the CQI feedback error. 

In RAN1 #90bis, it was agreed that two BLER targets are supported for URLLC, and now requires defining the exact values. Considering single shot transmission and repeated transmissions expected in URLLC, it would be good to have one lower BLER target and one with higher BLER target. BLER = 0.01 seems a good target for repeated transmissions while single shot transmission cases can be set to BLER = 0.0001. 

Proposal 3: BLER-target for URLLC can be configured to be 0.01 or 0.0001. 

Conclusions
[bookmark: _Hlk500355486]In this contribution, we discussed the remaining details of URLLC MCS/CQI and we have the following observations and proposals. 
Observation 1: 4-bit MCS field in DCI shall be sufficient to support URLLC.
Observation 2: 2 or 3-bit configurable MCS field in DCI is useful when reducing the DCI size for single shot URLLC transmissions.
Observation 3: CQI table for URLLC could be defined to support one-to-one mapping of CQI to MCS. 
Observation 4: CQI table with reduced content (comparing to non-URLLC case) for URLLC can be defined in order to achieve high reliability. More resource can be allocation for URLLC CQI transmission for example double the resource comparing to non-URLLC case.
Proposal 1: 
· [bookmark: _Hlk506556323]If the number of MCS entries is to be reduced, MCS entries for URLLC is given as follows. 
Table 2‑1 MCS table for URLLC
	MCS Index
	Modulation Order
	Target code Rate x [1024]
	Spectral

	IMCS
	 Qm
	R
	Efficiency

	0
	2
	60
	 0.1172

	1
	2
	90
	 0.1758

	2
	2
	120
	  0.2344

	3
	2
	157
	  0.3066

	4
	2
	193
	  0.3770

	5
	2
	251
	  0.4902

	6
	2
	308
	  0.6016

	7
	2
	379
	  0.7402

	8
	2
	449
	  0.8770

	9
	2
	526
	  1.0273

	10
	2
	602
	  1.1758

	11
	4
	340
	  1.3281

	12
	4
	378
	  1.4766

	13
	4
	434
	  1.6953

	14
	4
	490
	  1.9141

	15
	4
	616
	  2.4063



· Further discuss configurable MCS sets to reduce the DCI payload size. 
 Proposal 2:
· CQI entries for URLLC is given as follows. 
	CQI index
	modulation
	code rate x 1024
	efficiency

	0
	Out of range

	1
	2
	60
	 0.1172

	2
	2
	90
	 0.1758

	3
	2
	120
	  0.2344

	4
	2
	157
	  0.3066

	5
	2
	193
	  0.3770

	6
	2
	251
	  0.4902

	7
	2
	308
	  0.6016

	8
	2
	379
	  0.7402

	9
	2
	449
	  0.8770

	10
	2
	526
	  1.0273

	11
	2
	602
	  1.1758

	12
	4
	340
	  1.3281

	13
	4
	378
	  1.4766

	14
	4
	490
	 1.9141

	15
	4
	616
	  2.4063



· Further discuss the possibility to reduce CQI entries or define configurable CQI sets and related transmission resource allocation to reduce the CQI feedback error. 
Proposal 3: BLER-target for URLLC can be configured to be 0.01 or 0.0001. 
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