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1   Introduction
In LTE, the LCP mechanism – via restrictions configured for different logical channels (LCHs) – can prioritise certain traffic over other for a given grant. However, in LTE it is not possible to completely exclude certain types of traffic from a given grant. The reason why this was not needed in LTE is twofold – there was a desire to avoid starvation of individual LCHs, and also the types of services supported were similar, most falling under the overarching umbrella of MBB.
In NR, however, with the significance placed on URLLC support, it was of paramount importance to introduce additional restrictions. Consequently, there are now several ways to distinguish between URLLC and eMBB in NR. Let us assume LCH1 carries URLLC traffic, and LCH2 carries eMBB traffic. One simple way is to put them on separate BWPs with different SCS (each LCH is configured with allowed values of SCS). If this is not possible (because UE has only one active cell, with one active BWP) then we could for example ban LCH2 from using Type 1 Configured Grants (CG). It is widely expected that Type 1 CG will be for URLLC so there is an LCP restriction which can prevent certain channels from using Type 1 CG. Additionally, we could set the allowed LCH2 PUSCH duration transmission to be larger than a certain value. In that case eMBB will be prevented from using short grants, which are aimed chiefly at URLLC support. These are new (NR) LCP restrictions. The resulting benefit of introducing these new restrictions is that URLLC can have absolute priority for certain grants and eMBB can be prevented from using them (this is not possible with LTE LCP mechanism). Additionally (but perhaps less important), eMBB can be prevented from using grants which have poor spectral efficiency.
A very recent development in RAN1 – which will nevertheless be implemented in NR Rel-15 – has introduced an additional potential optional differentiator of grants, namely new CQI and MCS tables which are intended to provide support for traffic requiring ultra-reliability. Put another way, in Rel-15 we will have a “special” grant (using new set of allowed MCS values) which is intended for URLLC traffic, with focus on the ultra-reliability requirement. (Please note that RAN1 does not mandate the use of the new set of MCS values for URLLC.) This tdoc examines this development in more details and proposes a way forward for RAN2.
2   Context: recent RAN1 agreements and their perceived intention
At their #93 meeting in Busan, RAN1 agreed the following (we highlighted in yellow what we deem are the most important aspects of these agreements for our own – RAN2 – work):

Agreements:

· For Rel-15, capture the functionalities of all the agreements made for URLLC generically in RAN1 specs (i.e. without mentioning “URLLC”).

Agreements:

· The MCS table for CP-OFDM based PUSCH is separate from the MCS table for DFT-s-OFDM based PUSCH

· The same MCS table is used for PDSCH and CP-OFDM based PUSCH
· At least one new MCS table is introduced for URLLC

Agreements:

· For URLLC, for grant-based transmissions, introduce one RRC parameter for configuring a new RNTI.

· When the new RNTI is not configured, existing RRC parameter mcs-table is extended to select from 3 MCS tables (existing 64QAM MCS table, existing 256QAM MCS table, new 64QAM MCS table). 

· When mcs-table indicates the new 64QAM MCS table:

· For DCI format 0_0/1_0 in CSS, existing 64QAM MCS table is used.

· For DCI formats 0_0/1_0/0_1/1_1 in USS, new 64QAM MCS table is used. 

· Otherwise, follow existing behaviour.

· Note: the configuration for DL and UL is separate

· When the new RNTI (via RRC) is configured, RNTI scrambling of DCI CRC is used to choose MCS table:

· If the DCI CRC is scrambled with the new RNTI, the new 64QAM MCS table is used; otherwise, follow existing behaviour. 

Based on these agreements, and our understanding of the situation in RAN1 with regards to the timeline for their implementation, we note the following:

Observation 1. RAN1 will not indicate in its specifications that the new MCS table(s) are for any specific use. The RAN1 standards documents will simply say that the set of MCS tables has been extended, without mandating the use of new MCS values for exclusive URLLC usage.
Observation 2. The use of new table(s) is configured in a way transparent to the MAC – it is done via RRC, either by configuring a new RNTI value used to indicate to the UE that the new MCS table should be used, or via enlargement of the set of possible values for the existing RRC parameter mcs-table (in this latter case, the DCI format used is also an input into the MCS table selection). As a consequence, MAC is currently not aware that the grant is “special”.
Observation 3. In our understanding the support for new CQI and MCS tables in Rel-15 NR may not be mandated but rather be made part of UE capabilities.
3   Proposed way forward for RAN2
As noted in [1][2], the main impact of these decision (which were not available in their final form at the time the referenced documents were produced) on MAC seems to centre around whether any changes to the existing LCP mechanism are needed.
Observation 4. The key question for RAN2 is whether existing LCP mechanism is enough to support URLLC traffic, in light of the introduction of the new CQI and MCS tables.

Observation 5. Since RAN1 have chosen not to explicitly indicate that the new MCS table is for any specific purpose, it is questionable whether RAN2 should spend any further time on this matter for this Release. 
Observation 6. NR Rel-15 is finalized, and the implementations have very likely begun based on the existing specs; therefore any further changes to the LCP mechanism should only be allowed if something is deemed “broken”. Additionally, LCP is a resource-consuming, real-time procedure, and new restrictions should not be added lightly, at the very last minute to boot.
We will try and offer an explanation as to why we think that current mechanism, in conjunction with proper network configuration, provides sufficient URLLC support.

Given the fact that – to date – we have not discussed ultra-reliable aspects separately from low-latency aspects, it is safe to assume that (for Rel-15) URLLC is one single concept and that specific SCS and PUSCH duration values (which are used to separate URLLC from eMBB traffic, as illustrated in the Introduction) also apply to the newly-introduced special (ultra-reliable) grants. Therefore if the network wishes to restrict the special grant to the use of certain LCH(s) only, this grant should use the values for existing LCP restrictions typical for URLLC, without any need to introduce new parameters into the mix. The only case where this may not work is if network wanted to use new MCS values (which currently does not form part of LCP restrictions and is transparent to MAC) with a long PUSCH value. However, it is difficult to understand why the network would want this:
· If this is for eMBB traffic, then the spectrum efficiency of the grant would be very low and therefore typically unsuitable for eMBB;

· If this is for URLLC traffic, long PUSCH value (and any subsequent retransmissions, which should not occur often due to the new low target BLER, but are a possibility) would be detrimental to latency.

Observation 7. Existing LCP restrictions, coupled with appropriate network configuration, can ensure that the newly-introduced grant type (special MCS) is used by relevant traffic only. We do not see a sensible use case where special MCS values are used with long PUSCH duration.
Observation 8. Based on Observation 2, if new LCP restrictions were to be introduced (such as grant type, or actual MCS value allowed), this would require additional PHY->MAC signalling. There is simply no time to discuss and agree on the format and content of this signalling. To make matters more complicated, any new PHY->MAC signalling could also impact RAN1 specs. RAN1 have cancelled their ad-hoc meeting and literally have one more meeting left before the September freeze.
Based on the above observations, we propose the following:

Proposal: RAN2 will not make any changes to the existing NR LCP mechanism in Rel-15 due to the introduction of new MCS table(s). RAN2 agrees that any further discussions on the impact of newly introduced MCS table(s) are deferred to Rel-16.
4   Conclusions
Based on the recent RAN1 agreements on introduction of new CQI and MCS tables which enable higher reliability, and our understanding of the situation in RAN1 with regards to the timeline for their implementation, we noted the following:

Observation 1. RAN1 will not indicate in its specifications that the new MCS table(s) are for any specific use. The RAN1 standards documents will simply say that the set of MCS tables has been extended, without mandating the use of new MCS values for exclusive URLLC usage.

Observation 2. The use of new table(s) is configured in a way transparent to the MAC – it is done via RRC, either by configuring a new RNTI value used to indicate to the UE that the new MCS table should be used, or via enlargement of the set of possible values for the existing RRC parameter mcs-table (in this latter case, the DCI format used is also an input into the MCS table selection). As a consequence, MAC is currently not aware that the grant is “special”.

Observation 3. In our understanding the support for new CQI and MCS tables in Rel-15 NR may not be mandated but rather be made part of UE capabilities.
The main impact (if any) of these decision on the MAC spec seems to focus on whether any changes to the existing LCP mechanism are needed. On this topic we made the following observations:

Observation 4. The key question for RAN2 is whether existing LCP mechanism is enough to support URLLC traffic, in light of the introduction of the new CQI and MCS tables.

Observation 5. Since RAN1 have chosen not to explicitly indicate that the new MCS table is for any specific purpose, it is questionable whether RAN2 should spend any further time on this matter for this Release. 
Observation 6. NR Rel-15 is finalized, and the implementations have very likely begun based on the existing specs; therefore any further changes to the LCP mechanism should only be allowed if something is deemed “broken”. Additionally, LCP is a resource-consuming, real-time procedure, and new restrictions should not be added lightly, at the very last minute to boot.
Observation 7. Existing LCP restrictions, coupled with appropriate network configuration, can ensure that the newly-introduced grant type (special MCS) is used by relevant traffic only. We do not see a sensible use case where special MCS values are used with long PUSCH duration.
Observation 8. Based on Observation 2, if new LCP restrictions were to be introduced (such as grant type, or actual MCS value allowed), this would require additional PHY->MAC signalling. There is simply no time to discuss and agree on the format and content of this signalling. To make matters more complicated, any new PHY->MAC signalling could also impact RAN1 specs. RAN1 have cancelled their ad-hoc meeting and literally have one more meeting left before the September freeze.

Based on the above observations, we finally proposed the following:

Proposal: RAN2 will not make any changes to the existing NR LCP mechanism in Rel-15 due to the introduction of new MCS table(s). RAN2 agrees that any further discussions on the impact of newly introduced MCS table(s) are deferred to Rel-16.
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