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Introduction
This offline discussion is to identify potential impacts of new MCS tables being designed by RAN1 on MAC-layer procedures.
[bookmark: _Ref178064866]Discussion
Background
In RAN1 #92bis, RAN1 discussed the need to have separate BLER targets and CQI tables. The following agreements were made: 
Agreements:
· The two BLER targets that are configurable for URLLC for CSI reporting are:
· Option B. (10-1, 10-5)
· Note: The definition of the test case for the BLER target of 10-5 should take into account channel and interference variations and estimation errors.

Agreements:
· In total, there are two CQI tables for URLLC CQI reporting
· The first table for URLLC CQI reporting is the same as the existing 64QAM CQI table without any change, which is for BLER target 10-1 for URLLC
· Note: this means the agreement on “Highest spectral efficiency for CQI based on 10-1 BLER target for URLLC is no more than 873/1024*6” is overturned
· The new table will have entries corresponding to BLER target 10-5
· For CSI reporting, the CQI field is 4-bit.
RAN1 is having on-going discussion in this meeting on whether new MCS tables should be designed to differentiate reliability requirements of different services (e.g. URLLC vs eMBB). If agreed, network may provide uplink grants for URLLC service using MCSes from a new, separate table(s) specifically designed based on much lower BLER targets. This new design would enable network to achieve “ultra-reliability” aspect of URLLC service. 
RAN1 is also discussing how this information may be signalled to UE. Some of the options under study include UE using a separate RNTI to decode DCI, adding an indicator in DCI format itself, using RRC to indicate which of the CQI tables/MCS values is to be used, or using different coreset and search space to signal which MCS table is used.
The following terms are defined to facilitate this offline discussion:
· Types of MCS: MCSes which are designed based on different reliability targets.
· MCS differentiation:  for different services (e.g. URLLC), network provides uplink grants with different types of MCS.

MCS Differentiation in MAC
As explained earlier, network may provide UL grants with MCSes from different tables, to achieve different levels of reliability for the uplink transmission. In rapporteur’s view, it is important for MAC layer to know this parameter because network may want a specific traffic class to use only certain types of MCS. For example, network may want to limit URLLC traffic to use only more reliable MCSes, in addition to other restrictions such as short TTI and certain set of numerologies. If a grant with URLLC-specific MCS was to be used for eMBB by the UE, this could cause severe degradation in spectral efficiency for eMBB. In cases where eMBB and URLLC are supported on the same cell/BWP (a common case in initial NR deployments), some mechanism therefore may be required to map certain LCHs to certain types of grants in an exclusive fashion.
In addition, having multiple types of MCSes may have impact on other MAC procedures such as HARQ (e.g. whether network has the flexibility to change type of MCS within a HARQ process), and the configuration of configured uplink grants. 
Observation 1. MCS differentiation (support for which has already been agreed in RAN1) can have impact on currently agreed MAC procedures.
Question 1: Do companies agree with Observation 1?
	Company
	Answer (Y/N)
	Comment

	MediaTek
	Y
	If new LCP restrictions are introduced, this will have an impact on current MAC spec. and procedures. We may also have to revisit existing MAC LCP restrictions to see if they are needed any more.

	CATT
	N
	Depends on RAN1 progress. If RAN1 decides that the MCS table is configured per UE (e.g. via RRC configuration, one of the options on the table), there is no issue in MAC at all.

	LG
	N
	Depends on RAN2 decision. We already have LCP restriction which allows resource differentiation for eMBB and URLLC. MCS differentiation can be under resource differentiation, e.g., gNB uses specific MCS for URLLC when scheduling on URLLC resources. 

	Nokia
	N
	If we leave it to NW implementation when to use the MCS differentiation with the limits set by the already introduced LCP restrictions, there is no impact to current MAC procedures.

	OPPO
	N
	Depends on RAN1’s design, there may be some impacts or o impacts on the currently MAC procedure. 

	Intel
	N
	We think current RAN2 LCP restriction is sufficient to differentiate resource for eMBB and URLLC. 

	Lenovo
	N 
	Depends on RAN1 progress. In our view current LCH restrictions are sufficient. 

	Apple
	N
	We can reply on the current LCP restriction to achieve this MCS differentiation target.  

	InterDigital
	Y
	If RAN1 agrees that the MCS table applicable to PUSCH can be indicated on a per-grant basis this is a property of the grant that is potentially relevant for LCP. Given that the purpose of designing the new table(s) is to better support URLLC it would be very natural that this is directly taken into account by LCP restriction instead of indirectly relying on other properties of the grant.

	Ericsson
	
	To us it seems RAN1 has not finished designing and depending on the final solution there may be more or less impact.

	ZTE
	Y
	The current design of LCP is only considered for low latency case, however, the new MCS is for lower BLER. Thus if the new MCS table for URLLC is introduced, it will impact on the current specification

	Huawei
	Y
	Agree with the analysis from the rapporteur. Take LCP as example. We think the current LCP restriction is not sufficient. The current restriction is mainly for latency requirement (except for duplication case). When the UE receives multiple grants at the same time both indicating min-slots, but with different BLER, “MCS table” to use should be indicated for the uplink grant. Otherwise, URLLC traffic may be scheduled in the uplink grant intended for eMBB because of higher priority without additional restrictions.

	Convida
	Y
	Depending on the RAN1 agreement we see some benefit in more accurate multiplexing of LCHs in the LCP procedure

	Qualcomm
	Y
	If RAN1 agrees to support MCS differentiation, then at least the LCP restriction needs to be updated accordingly. This is because the current LCP restrictions addresses only the latency aspect of service differentiation, as explained in the example given by Huawei. MCS for URLLC will help network differentiate grants in the dimension of reliability as well. 

	Samsung
	Y/N
	Possibly, but not sure. If the intention of RAN1 is to mandate the use of grants with “new” URLLC MCS values by URLLC traffic, then new restrictions may need to be introduced for LCP. However our understanding is that RAN1 is intending this as a recommendation. In any case even a URLLC-dedicated grant will in some cases need to carry eMBB (e.g. padding). So it is likely existing mechanisms are ok – especially for this Release. For future releases we can study new mechanisms.



Modelling MCS differentiation in MAC specification
Before starting discussion on potential impact of MCS differentiation, rapporteur thinks it is useful to discuss how it might be captured or modelled in MAC layer specification. There could be different approaches. For example, 
· By the layering principle, MAC layer does not need to know the details of the mechanism used by PHY to differentiate and decode different types of MCSes. What matters to MAC layer is knowing for which logical channels (“services”) a grant is intended, e.g. whether it is for URLLC or eMBB. For this reason, MAC layer should apply some form of abstraction to different types of MCSes, such as the one proposed in [1]. 
· A different approach is that, if possible, MAC specification directly uses the mechanism designed by RAN1. For example, if RAN1 decides to use different RNTIs assigned to different types of MCS, then MAC specification needs to handle multiple RNTIs in the text where C-RNTI is used. However, this approach will make MAC specification highly depend on the exact mechanism designed by RAN1.
Rapporteur thinks the following options can be considered: 
· Option 1: Capture MCS differentiation explicitly in MAC, based on RAN1’s design;
· Option 2: MCS differentiation can be modelled in MAC by some type of abstraction, e.g. two classes of uplink grants as proposed in [1]
· Option 3: Other approach 
Question 2: Companies are invited to indicate their preference on how MCS differentiation may be modelled in MAC specification. As the exact mechanism has not yet been agreed by RAN1, it is advised to indicate your assumption on the actual RAN1 procedures used.
	Company
	Preferred option
	Comment

	MediaTek
	Not sure
	It seems a bit early to discuss MAC mechanisms without having a good idea of what RAN1 decides. We prefer to postpone thi discussion until the situation in RAN1 becomes clear.

	CATT
	None for R15
	We prefer to wait for RAN1 design.

	LG
	None
	We think current LCP restriction is sufficient.

	Nokia
	None
	We can leave it to NW implementation for now how to use the MCS differentiation.

	OPPO
	Not sure
	We think it can wait for RAN1’s design.

	Intel
	None
	We think current MAC mechanisms are sufficient to support URLLC.

	Lenovo
	None
	For Rel-15 current LCP design is sufficient. 

	Apple 
	None
	We think current LCP restriction is sufficient. 

	InterDigital
	Option 2
	Option 2 is cleaner and more forward compatible (e.g. if RAN1 later decides on another mechanism for differentiation there is no impact on RAN2 specs).

	Ericsson
	
	It seems a bit premature to make any agreements in RAN2 based on the unfinished design in RAN1.

	ZTE
	Not sure
	Share the same view with MediaTek

	Huawei
	Option 1?
	By checking RAN1 progress, signalling used to select the MCS table is under discussion in RAN1. I share the intention to model the uplink grant for different MCS table, and it can be in MAC spec. But the details may need to wait for the conclusion from RAN1.

	Convida
	Depends
	Depending on the RAN1 agreement an addition to LCP would provide some improvement. We do not think this means existing LCP restrictions will need to be changed – all that maybe needed is an additional restriction would be added

	Qualcomm
	Option 2
	We share the same view as Interdigital.

	Samsung
	Not sure
	If RAN1 agrees that the selection of CQI table is done with DCI or new RNTI, then it will be possible to infer this and share with MAC. If it is done by RRC it is then transparent to the UE. However even if the info on grant “type” is shared by MAC, as mentioned in our previous response it is questionable whether new solutions are needed for this release.



MAC procedures impacted by MCS differentiation
LCP restriction
In [2], observations are made that an LCH restriction parameter needs to be introduced to support the newly added MCS table(s) for URLLC, because MCS differentiation enables a new dimension, i.e. reliability, to the LCP restriction framework, which was not discussed before.
On the other hand, during online discussion some companies expressed the view that they did not believe anything extra needs to be added to the existing LCP restriction framework, because they believed the existing LCP restriction framework is sufficient to differentiate different services. 
Rapporteur therefore recommends companies to consider the following options:
· Option 1: There is no need to include MCS differentiation in the current LCP restriction framework;
· Option 2: MCS differentiation should replace the current LCP restriction framework;
· Option 3: MCS differentiation should complement the current LCP restriction framework, by introducing adding new explicit restrictions on the grant type to the existing set of restrictions;
· Option 4: Other approach 
Question 3: Companies are invited to indicate their preference on whether MCS differentiation should either be a part of the current LCP restriction framework or replace it.
	Company
	Preferred option
	Comment

	MediaTek
	Not sure
	Current parameters for LCP restriction does not cover the BLER issue. So, MAC differentiated could be introduced to supplement current LCP restriction framework. More discussion is needed to see if a new mechanism is actually needed,

	CATT
	None
	We prefer to wait for RAN1 design.

	LG
	None
	We think current LCP restriction is sufficient.

	Nokia
	None
	Based on comments to Q2, we think nothing needs to be added.

	OPPO
	Not sure
	Not sure whether there is impact on LCP

	Intel
	None
	We think current LCP restriction is sufficient.

	Lenovo
	None
	No impact for Rel-15

	Apple
	None
	We think current LCP restriction is sufficient. 

	InterDigital
	Option 3
	It can be introduced as an additional LCP restriction for R15.

	Ericsson
	None
	Again, it seems a bit premature to make any agreements in RAN2 based on the current design in RAN1.

	ZTE
	Not sure
	Share the same view with MediaTek

	Huawei
	Option 3
	As our answer to Question 1. Current LCP restrictions are not sufficient to differentiate the MCS table. It would be safer to introduce new restrictions rather than “replacing” the current restrictions. Even in the extreme case, we think it is feasible to configured both “MCS table” can be used for one particular LCH, which offers flexibility to the NW.

	Convida
	Option 3
	But depending on what RAN1 decides. We also think we could wait for R16, since even if RAN1 decides this week there could be a not so accurate network scheduling based solution for R15

	Qualcomm
	Option 3
	As explained in our answer to Q1, current LCP restriction framework addresses only the latency aspect and the new MCS differentiation (if agreed in RAN1) will address the reliability aspect. Therefore, we see it as an addition instead of replacement to the existing LCP restriction framework.

	Samsung
	Option 1
	See our responses to two previous questions. For Release 15 we think Option 1 is the realistic way forward. We need to wait for final design from RAN1 and understand their intention.



HARQ 
A issue related to HARQ is whether network can switch type of MCS between the initial and retransmission of a HARQ process. If such a switching is allowed, it would mean network may have to change the spectral efficiency target between retransmissions, because network cannot cross the threshold for target code rate during retransmissions. 
On the other hand, since the eMBB MCS tables and the to-be-designed URLLC MCS table(s) contain a wide range of spectral efficiency values, not being able to change MCS tables between retransmissions would not be too restrictive for network in selecting which MCS to use during adaptive retransmissions.
Observation 2. UE is not expected to receive uplink grants of different classes between initial and retransmissions. Otherwise, it is up to UE implementation how to handle the TB.  
Question 4:  Do companies agree with Observation 2?
	Company
	Answer (Y/N)
	Comment

	MediaTek
	Y
	Again this is not entirely up to RAN2, and RAN1 input may be needed

	CATT
	Y
	But it should be considered in RAN1.

	LG
	Y
	Should be discussed in RAN1.

	Nokia
	Y
	Should be discussed by RAN1.

	OPPO
	Y
	Should be discussed by RAN1.

	Intel
	Y
	We agree with the intention but think that this should be up to gNB implementation. UE just follows what gNB indicates in PDCCH.

	Lenovo
	Y
	This is in the control of the network. Same as for current LCP restriction mechanism

	Apple
	Y
	Should be discussed in RAN1. 

	InterDigital
	Y
	

	Ericsson
	
	This should be discussed in RAN1. It is not a question for RAN2 to consider.

	ZTE
	Y
	Should be discussed by RAN1

	Huawei
	Y
	Same view as Intel

	Convida
	Y
	Agree RAN1 should decide

	Qualcomm
	Y
	

	Samsung
	
	To be discussed in conjunction with RAN1.



Type-1 configured grants
[bookmark: _Hlk513741534]For type-1 configured grants, once configured, UEs use the MCS in the configuredGrantConfig IE until it is reconfigured by RRC. Rapporteur think there is no need to change this principle. We only need to extend this parameter to indicate which type of MCS it is. 
Observation 3.  Type of MCS for a type-1 configured grant is RRC configured in the configuredGrantConfig IE. 
Question 5:  Do companies agree with Observation 3?
	Company
	Comment

	MediaTek
	Agree

	CATT
	Agree

	LG
	Should be discussed in RAN1.

	Nokia
	We should leave this to RAN1.

	OPPO
	Agree

	Intel
	We think how to signal MCS is up to RAN1.

	Lenovo
	Up to RAN1

	Apple
	We should leave it to RAN1.

	InterDigital
	Agree

	Ericsson
	Unless we want to change how type 1 is configured there is no other way than to signal it over RRC.

	ZTE
	Should be discussed by RAN1

	Huawei
	In principle, we tend to agree the MCS type should be configured by RRC for Type 1. How to signal the MCS table for URLLC is under discussion in parallel in RAN1. We can double check if RAN1 decision is aligned with our assumption later.

	Convida
	This is up to RAN1

	Qualcomm
	We share the same view as Ericsson

	Samsung
	Agree. RAN1 will decide how the CQI table selection is signalled, and how MCS is signalled for a specific dynamic transmission. But for Type 1 CG, existing principles apply.



Type-2 configured grants
Currently MCS of a type-2 configured grant is indicated in its L1 activation message. To support different types of MCS, rapporteur see two possible options:
· Option 1. The type of MCS for the configured grant is signalled through L1 activation message; 
· Option 2. UE always uses the type of MCS configured in the configuredGrantConfig IE;
· Option 3. Other approach
Question 6:  Companies are invited to indicate their preference on how type of MCS should be configured for type-2 configured grant.
	Company
	Preferred option
	Comment

	MediaTek
	Option 1
	Option 1 provides more flexibility in dynamic configuration, which is essential for URLLC traffic.

	CATT
	Not sure
	Again, the way to signal the type of MCS is being designed in RAN1 (separate RNTI, DCI, RRC) and the outcome will also impact configured grants.

	LG
	
	Should be discussed in RAN1.

	Nokia
	
	We should leave this to RAN1.

	OPPO
	
	RAN1 may also discuss this.

	Intel
	
	We think how to signal MCS is up to RAN1.

	Lenovo
	
	Should be discussed first in RAN1

	Apple
	
	We should leave it to RAN1.

	InterDigital
	Option 1
	Assuming that RAN1 agrees that MCS table can be indicated on a per-grant basis, this follows from the same principle already applied for configured grant type 2.

	Ericsson
	
	This is too early to decide.

	ZTE
	
	Should be discussed in RAN1

	Huawei
	
	Depends on RAN1

	Convida
	
	Leave this to RAN1

	Qualcomm
	Option 1
	We share the same view as Interdigital

	Samsung
	
	RAN1 input needed here



Other procedures
Companies are invited to suggest any other procedures within RAN2 remit that MCS differentiation may have impacts.
	Company
	Comment

	OPPO
	Not sure whether SR procedure is impacted or not. Currently, there is mapping between logical channel and SR configuration in order to differentiate different type of service. However if RAN1 supports different MCS table, is it possible for the UE to inform network which MCS level is needed by SR configuration?
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Summary of the replies
The following is a summary of all the replies received (15 in total):
Question 1: Do companies agree with Observation 1? (MCS differentiation can have impact on currently agreed MAC procedures.)
The replies are:
· Yes: 6
· No: 3
· Depend on RAN1 agreement: 4
· Depend on RAN2 agreement: 1

Question 2: Companies are invited to indicate their preference on how MCS differentiation may be modelled in MAC specification. As the exact mechanism has not yet been agreed by RAN1, it is advised to indicate your assumption on the actual RAN1 procedures used.
· Option 1: Capture MCS differentiation explicitly in MAC, based on RAN1’s design;
· Option 2: MCS differentiation can be modelled in MAC by some type of abstraction, e.g. two classes of uplink grants as proposed in [1]
· Option 3: Other approach 
The replies are:
· Depend on RAN1:	7
· None: 	5
· Option:	2
Question 3: Companies are invited to indicate their preference on whether MCS differentiation should either be a part of the current LCP restriction framework or replace it.
· Option 1: There is no need to include MCS differentiation in the current LCP restriction framework;
· Option 2: MCS differentiation should replace the current LCP restriction framework;
· Option 3: MCS differentiation should complement the current LCP restriction framework, by introducing adding new explicit restrictions on the grant type to the existing set of restrictions;
· Option 4: Other approach 
The replies are:
· Option 1: 		6
· Option 3:		4
· Not sure:		4
· Depend on RAN1: 2

Question 4:  Do companies agree with Observation 2? (UE is not expected to receive uplink grants of different classes between initial and retransmissions. Otherwise, it is up to UE implementation how to handle the TB.)
All companies agreed and also indicated this decision should be left to RAN1.

Question 5:  Do companies agree with Observation 3? (Type of MCS for a type-1 configured grant is RRC configured in the configuredGrantConfig IE.)
The replies are:
· Yes: 	8
· No:		7

Question 6:  Companies are invited to indicate their preference on how type of MCS should be configured for type-2 configured grant.
•	Option 1. The type of MCS for the configured grant is signalled through L1 activation message; 
•	Option 2. UE always uses the type of MCS configured in the configuredGrantConfig IE;
•	Option 3. Other approach
The replies are:
· Leave it to RAN1:  10
· Option 1: 		3
· Not sure: 		2
Conclusion
Based on the replies, rapporteur recommends the group to discuss the following proposal:
Observation 1.  A small majority of the companies believe there is impact of MCS differentiation on LCP restriction, while similar number of companies prefer to wait for further agreements from RAN1.
Observation 2.  For other issues, majority of the companies think we can leave the discussion to RAN1.
Proposal 1.  If RAN1 makes further agreements on MCS differentiation, RAN2 discuss again (e.g. email discussion after this meeting) whether there is impact of MCS differentiation on the LCP restriction procedure.
Proposal 2.  The scope of the future discussion, if to be held, may include questions such as:
· Are new LCH configuration parameters needed to designate LCHs requiring high reliability grants (the special “URLLC MCS” grants)?
· Can existing NR LCP procedure ensure proper use (focus on ultra-reliability) of the special new “URLLC MCS” grants?
· [bookmark: _GoBack]If changes are required, discuss the details. If no changes are required, reach agreements on how the RAN1 requirements can be fulfilled using configuration of existing LCP parameters.
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