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[bookmark: _Ref483927698]Introduction
In the RAN2 AH NR #2 it was discussed how LCP should implement the logical channel restrictions upon receiving one or more UL grant(s) and how would these restrictions be RRC configured. Some initial decisions were made as follows, which FFS were further preliminary addressed in an email discussion:
Agreements:
1.	At least numerology and TTI length are included/taken into account for restriction for LCP.  
FFS if any other parameters need to be considered for LCP
FFS how LCP is modelled
FFS how the UE processes multiple UL grants and what parameters need to be visible to the MAC
In this contribution we analyze, based on the latest RAN1 status, the parameters required at the interface of MAC and PHY in support of LCP processing and assess their possible abstraction. 
Discussion
Transmission profile and MAC/PHY interface
In MAC, LCP needs to be able to identify the relevant logical channels RRC-configured to operate on the physical layer characteristics of an assignment from a received UL grant. From the above agreement, at least the numerology and TTI length are included/taken into account for restriction for LCP. However, more parameters might be needed, the “TTI” is not defined in RAN1 hence needs to be mapped/derived from one or more existing L1 parameter(s), and some abstraction of the involved physical parameters to MAC might ease the specification and development work. The concept of a Transmission Profile (TP) was introduced in [1] for this purpose. In practice, there are three options:
- The TP concept fully abstracts all PHY parameters in one set of ranked TPs MAC needs to know for channel mapping and this is captured in specification. PHY does the parameters <-> TP translation.
- MAC specification uses all relevant PHY parameters for configuring and applying the logical channel mapping onto UL grants, and it can be further left to UE implementation to abstract this as a TP at the PHY/MAC interface of the stack.
- Intermediate option: PHY performs “some” abstraction in delivering relevant parameters to MAC along with each UL grant, e.g. providing explicit absolute time latency values rather than latency in symbols + associated numerology.
The “TP” terminology is further used in this document to denote the set of PHY parameters relevant to MAC.
To progress on this analysis, the first thing we must ask ourselves is: What matters from MAC perspective?
MAC essentially cares of the following two points:
1. Criterions for mapping different service profiles/QoS onto different TPs
2. Processing order of simultaneous UL grants (even if left to implementation) 
We summarize below the latest RAN1 status and will derive the related impact on the above two points.
[bookmark: _Ref484781642]RAN1 background
1.1.1 Main points on CORESET, PDCCH occasions and Bandwidth Parts
· A CORESET defines a recurring physical resource used to carry NR-PDCCH and which is mapped onto one and only one numerology.
· For each CORESET, PDCCH monitoring occasions/candidates are further configured per UE via a symbol offset and/or a monitoring periodicity (in terms of slot or OFDM symbol) and/or FFS.
· Numerologies are FDM’ed across CCs and/or across Bandwidth Parts (BWPs) within one CC. There is one numerology per BWP.
· RAN1 schedule: primary focus is to complete the single active bandwidth part case (single BWP per CC)
· A BWP may be configured with zero, one or multiple CORESETs, and associated NR-PDCCH monitoring occasions/candidates
1.1.2 Main points on UL assignments
An UL grant provides a high level of flexibility in signaling the UL allocation, including:
· The resource bandwidth and CC (as in LTE). Cross BWP scheduling is FFS.
· The resource duration (data channel duration)
· The starting position of the resource signalled via the K2 parameter in DCI
In addition, the data transmission can be scheduled to span one or multiple slots (referred to slot aggregation or cross-slot scheduling, RAN1#86bis). An example of such flexibility is shown in Figure 1, specifically illustrating the parameters K2 (RAN1 NR AH#1), data channel duration (RAN1#88bis) and monitoring periodicity (RAN1 NR AH#2).


[bookmark: _Ref484706951]Figure 1: NR UL resource allocation flexibility
What are the relevant PHY parameters for MAC?
1.1.3 [bookmark: _Ref490152305]For mapping different service profiles/QoS onto different TPs
Monitoring periodicity (RAN1 NR AH#2)
The monitoring periodicity definitely matters as it provides a static (RRC-configured) differentiation of time-critical logical channels from non-time-critical logical channels. Same as in LTE short TTI, the monitoring periodicity is the primary criterion differentiating transmission profiles, where a transmission profile associated with a short monitoring periodicity is ranked with a shorter latency than a transmission profile associated with a longer monitoring periodicity. Due to its static nature, the monitoring periodicity should be the “TTI” from RAN2 perspective.
Proposal 1: The “TTI” parameter used so far in RAN2 should be mapped to the “monitoring periodicity” parameter defined by RAN1 and RRC-configured for each CORESET.
Proposal 2: The CORESET monitoring periodicity is the primary criterion differentiating transmission profiles.
K2 and data channel duration
When receiving UL grants from control channels with the same monitoring periodicity (for example when a single monitoring periodicity is configured, even across multiple CORESETs) further L1 parameters should differentiate the transmission profiles. In Figure 2, we define the data channel total latency as the sum of the processing latency K2 and the data channel duration, both carried in the DCI.
Note the data channel duration may be larger than the monitoring period (e.g. multi-slot scheduling). Usecase is e.g. for mapping eMBB services onto “short” numerologies (e.g. 60 kHz SCS) primarily used for URLLC and/or HF bands. Note also that if the multi-slot allocation involves multiple transport blocks (one per slot) with multiple HARQ processes (FFS in RAN1), in this case it behaves as multiple consecutive grants from MAC perspective and the LCP runs for each slot which is the same as regular “intra-slot” allocations. So the data channel duration discussed here assumes single TB.
From MAC perspective, the total latency of an allocation is the key metric for differentiating latency requirements of the logical channels. However, some granularity of the total latency needs to be defined to classify it in different transmission profiles. In order to minimize the complexity we propose to simply use the monitoring periodicity as the granularity of the total latency. As a result, for the same monitoring periodicity, TPs are further differentiated by a total latency window, in steps of the monitoring intervals. 
Proposal 3: For a same monitoring periodicity, for a single TB allocation, the data channel total latency defined as K2 + the data channel duration differentiates transmission profiles with the granularity of the monitoring period.


[bookmark: _Ref490150842]Figure 2: Data channel total latency for same monitoring periodicity
Since both K2 and the data channel duration are dynamically signaled in DCI, the determination of the relevant logical channel candidates for the LCP associated with an UL grant can only be assessed after UL grant decoding.
Observation: The determination of the relevant logical channel candidates for the LCP associated with an UL grant can only be assessed after UL grant decoding.
1.1.4 For processing order determination
Once decoded, an UL grant is associated with a transmission profile based on the relevant DCI and RRC-configured parameters. The transmission profile allows identifying the relevant logical channel candidates for the LCP run for that grant. In case of overlapping (in time) granted resources, there are two possibilities, as illustrated in Figure 3:
- If the associated LCPs operate on disjoint sets of logical channels, the LCPs and associated MAC PDU constructions can run in parallel without conflict.
- Otherwise the LCPs must run in sequence, from the earliest ending granted resource to the latest ending granted resource. Note this corresponds to ranking the granted resources in increasing order of the total latency defined in Section 2.4.1 as the sum of K2 and the data channel duration.


[bookmark: _Ref490152531]Figure 3: Processing order of UL grants
Proposal 4: In case of overlapping (in time) granted resources, if the associated LCPs do not operate on disjoint sets of logical channels, the LCPs run in sequence on the granted resources in increasing order of their respective total latency defined as the sum of K2 and the data channel duration.
Summary on Transmission Profile
From the above discussion, we derive the following conclusions/proposals:
Proposal 5: PHY delivers to MAC, along with each UL grant, two parameters:
· T1 = the monitoring periodicity of the NR-PDCCH issuing the grant.
· T2 = K2 + data channel duration
Since only the relative time values of the different monitoring periodicities and total latencies matter for MAC, it could be convenient that PHY delivers those in absolute time or as predefined ranked indexes to MAC, thus abstracting the underlying numerology.
Proposal 6: PHY delivers T1 and T2 in absolute time or as predefined ranked indexes to MAC, thus abstracting the underlying numerology.
Proposal 7: MAC uses T1 and T2 to derive the associated transmission profile and the relevant logical channels competing on the UL grant.
Conclusion
In this contribution, we identify the PHY parameters required at the MAC/PHY interface for the LCP to properly process the received UL grants. Our conclusions result in the following proposals:
Proposal 1: The “TTI” parameter used so far in RAN2 should be mapped to the “monitoring periodicity” parameter defined by RAN1 and RRC-configured for each CORESET.
Proposal 2: CORESET monitoring periodicity is the primary criterion differentiating transmission profiles.
Proposal 3: For a same monitoring periodicity, for a single TB allocation, the data channel total latency defined as K2 + the data channel duration differentiates transmission profiles with the granularity of the monitoring period.
Proposal 4: In case of overlapping (in time) granted resources, if the associated LCPs do not operate on disjoint sets of logical channels, the LCPs run in sequence on the granted resources in increasing order of their respective total latency defined as the sum of K2 and the data channel duration.
Proposal 5: PHY delivers to MAC, along with each UL grant, two parameters:
· T1 = the monitoring periodicity of the NR-PDCCH issuing the grant.
· T2 = K2 + data channel duration
Proposal 6: PHY delivers T1 and T2 in absolute time or as predefined ranked indexes to MAC, thus abstracting the underlying numerology
Proposal 7: MAC uses T1 and T2 to derive the associated transmission profile and the relevant logical channels competing on the UL grant.
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