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[bookmark: _Ref483927698]Introduction
In the RAN2#99 it was further 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. The following decisions were made:
Agreements 
1. LCH restriction is based on available parameters coming from PHY and/or RRC.
2. The physical layer parameters required by the LCP for the purpose of LCP restrictions are provided to the MAC from the PHY layer.  How this is captured is FFS    
3. Parameters for LCP restrictions - Sub-Carrier Spacing, Cell, “Time”.  What “time” means is FFS (e.g. PUSCH transmission duration and K2).  FFS if other parameters are required (e.g. transmission mode).
4. If there are multiple Grants for a UE at a certain point in time the order in which the UE processes the grants is up to UE implementation
5. The LCP restriction does not apply to MAC CE at least for non-duplication case
In this contribution we address the highlighted FFS, regarding which relevant time duration should be used as a metric to differentiate transmission profiles in MAC.
Discussion
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. The concept of a transmission profile was introduced in [1] for this purpose. Above agreement #2, rules out performing this abstraction in the PHY layer, but leaves the door open to use it in the MAC specification. This may depend in the end on the number of abstracted PHY parameters, but we find it convenient at least in this document to use the transmission profile terminology to denote the values of a set of PHY parameters a logical channel is RRC configured to be restricted to. In RAN2#99 some progress was made on identifying these parameters, as reflected by agreement #3. It reveals the common understanding that some “time” parameter is needed to express different latency requirements from different logical channels. No consensus could be made though on the exact definition of this parameter. Essentially, two main proposals were discussed:
Option 1: the “time” parameter is the PDCCH monitoring periodicity of the PDCCH carrying the received UL grant 
Option 2: the “time” parameter is the total latency of the PUSCH assignment reflected by the point in time where the allocation completes.
We analyze below both parameters and conclude that both are needed.
[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. Multiple BWPs can be configured per carrier but there is at most one active BWP per carrier.
· 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 supported.
· The resource duration (data channel duration)
· The starting position of the resource
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 start and duration of the data channel (RAN1#88bis) and monitoring periodicity (RAN1 NR AH#2) when a UE is configured with two CCs with different numerologies, each with its own PDCCH monitoring occasions. Note the start duration includes a latency term, K2, expressed in slots and the actual symbol-level starting position (exact mapping in DCI still FFS). For example in Figure 1, K2=0 (for illustrative purpose).


[bookmark: _Ref484706951]Figure 1: NR UL resource allocation flexibility
What are the relevant PHY parameters for differentiating logical channels?
Monitoring periodicity
The monitoring periodicity can provide a static (RRC-configured) differentiation of time-critical logical channels from non-time-critical logical channels. It allows a network implementing QoS differentiation by serving different QoS profiles with different numerologies, or PDCCH monitoring periods. For example, in Figure 1, it should be possible to prevent an URLLC logical channel to use the grant from CC1, although it is the only available at this point in time, but rather wait and use the grant from CC2 which ends-up providing a shorter latency than the previous grant.  Such scheduling strategy can be enabled by letting a transmission profile associated with a short monitoring periodicity be ranked with a shorter latency than a transmission profile associated with a longer monitoring periodicity. Note that although the numerology is already captured (via Sub-Carrier Spacing) as a parameter for LCP restriction in agreement #3, it is not sufficient as two CCs could be configured with the same numerology but different monitoring periodicities.
Observation 1: The PDCCH monitoring periodicity of the PDCCH carrying the received UL grant is a valid parameter for differentiating transmission profiles.
Total latency of the PUSCH assignment
The total latency of an allocation is another key metric for differentiating latency requirements of the logical channels. In Figure 1, we define the data channel total latency as the sum of the start position and the data channel duration, both carried in the DCI. Even if the monitoring periodicity is used for differentiating different transmission profiles, 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) the total latency of the granted allocation(s) should be used to further differentiate the transmission profiles.
Some granularity of the total latency needs to be defined to classify it in different transmission profiles. As a result transmission profiles should be differentiated by a window, defined by a minimum and maximum total latency.
Observation 2: The total latency of the PUSCH assignment (including K2, the symbol-level starting position and duration of PUSCH) is a valid parameter for differentiating transmission profiles.
Which one to choose?
The monitoring periodicity is attractive because it is RRC-configured and therefore does not depend on the grant content, but only on the issuing PDCCH occasion, which simplifies both UE implementation and specification. However it cannot be the single differentiating parameter for the reasons expressed above: it should be complemented with the PUSCH total latency to further differentiate UL grants issued from control channels with the same monitoring periodicity.
Observation 3: The PDCCH monitoring periodicity of the PDCCH carrying the received UL grant must be complemented with the total latency of the PUSCH assignment to further differentiate UL grants issued from control channels with the same monitoring periodicity.
On the other hand, the total latency of the PUSCH assignment can be used in standalone independently of the issuing PDCCH. Indeed, even if a scheduler would aim at dedicating a configuration of monitoring occasions (e.g. a CORESET) to issue UL grants for some targeted traffic types only, the associated PUSCH assignment latency would still somehow necessarily reflect the time criticality of the targeted traffic type. For example it would not make sense that gNB dedicates a CORESET to schedule grants intended for URLLC traffic but assigns long allocations onto it. Therefore we think the total latency of the PUSCH allocation is the common ground for differentiating transmission profiles.      
Proposal 1: Logical channel restrictions are based on the total latency of the PUSCH assignment (including K2, the symbol-level starting position and duration of PUSCH) from any received UL grant.
How to practically compute this total latency depends on the final definition by RAN1 of the starting position and duration of the allocated PUSCH resource. We know so far that the starting position includes K2 expressed in slots. So for example if the starting position M0 and duration M1 of the allocated PUSCH resource are expressed in symbols, then LCP can derive from the UL grant the associated total latency τ as:

where  is the Sub-Carrier Spacing (SCS) associated with the numerology of the granted resource.
From the above, it is clear that the value of total latency τ may result from different SCS and so should be numerology-agnostic. As a result, the RRC configuration of the logical channel restriction should be done by configuring each logical channel with a restricted Latency Window (LW) defined as [LWmin LWmax], in ms. 
Proposal 2: Logical channel restrictions are configured per logical channel by means of a restricted Latency Window (LW) defined as [LWmin LWmax], in ms.
Proposal 3: LCP selects a logical channel for competing on an UL grant if the total latency of the grants assignment falls within the configured Latency Window of the logical channel.
With a single parameter, on top of the cell, it may not be needed to use an abstraction layer such as the transmission profile mentioned earlier. However if it helps improving the specification readability and makes it future proof by allowing adding easily further differentiating parameters in future releases, we are fine with it. Our proposed TP in Section 5 captures the proposals in this document without making use of a transmission profile, as an example.      
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 observations and proposals:
Observation 1: The PDCCH monitoring periodicity of the PDCCH carrying the received UL grant is a valid parameter for differentiating transmission profiles.
Observation 2: The total latency of the PUSCH assignment (including K2, the symbol-level starting position and duration of PUSCH) is a valid parameter for differentiating transmission profiles.
Observation 3: The PDCCH monitoring periodicity of the PDCCH carrying the received UL grant must be complemented with the total latency of the PUSCH assignment to further differentiate UL grants issued from control channels with the same monitoring periodicity.
Proposal 1: Logical channel restrictions are based on the total latency of the PUSCH assignment (including K2, the symbol-level starting position and duration of PUSCH) from any received UL grant.
Proposal 2: Logical channel restrictions are configured per logical channel by means of a restricted Latency Window (LW) defined as [LWmin LWmax], in ms.
Proposal 3: LCP selects a logical channel for competing on an UL grant if the total latency of the grants assignment falls within the configured Latency Window of the logical channel.
Reference
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[bookmark: _Ref494309675]Text proposal
[bookmark: _Toc491782007]5.4.3.1	Logical channel prioritization
[bookmark: _Toc491782008]5.4.3.1.1	General
The Logical Channel Prioritization procedure is applied whenever a new transmission is performed.
RRC controls the scheduling of uplink data by signalling for each logical channel per MAC entity:
-	priority where an increasing priority value indicates a lower priority level;
-	prioritisedBitRate which sets the Prioritized Bit Rate (PBR);
-	bucketSizeDuration which sets the Bucket Size Duration (BSD);
- 	latencyWindow which sets the Latency Window (LW) defined as [LWmin LWmax], in ms;
-	restrictedCellSet which sets the set of cells the logical channel is restricted to.
The MAC entity shall maintain a variable Bj for each logical channel j. Bj shall be initialized to zero when the related logical channel is established, and incremented by the product PBR × NR-UNIT for each NR-UNIT, where PBR is Prioritized Bit Rate of logical channel j. However, the value of Bj can never exceed the bucket size and if the value of Bj is larger than the bucket size of logical channel j, it shall be set to the bucket size. The bucket size of a logical channel is equal to PBR × BSD. It is up to UE implementation when to update Bj.
Editor's note: (again) NR-UNIT is used. Editor thinks consistent unit (i.e. NR-UNIT) throughout the MAC would be desirable rather than to use e.g. one millisecond as proposed during the meeting.
If the MAC entity is requested to transmit multiple MAC PDUs in one NR-UNIT, or if the MAC entity receives the multiple UL grants within the same NR-UNIT, it is up to UE implementation in which order the grants are processed.
[bookmark: _Toc491782009]Editor's note: RAN2 needs to confirm whether the above sentence captures the agreement correctly.
5.4.3.1.2	Selection of logical channels
The MAC entity shall, when a new transmission is performed:
1> select the logical channels for each UL grant according to the following:
	2> compute the total latency of the UL assignment as: T_Latency = (14 × K2 + StartingSymbol + NumAssignedSymbols)/SCS where K2, StartingSymbol, and NumAssignedSymbols are the assignment offset in slots from the slot issuing the grant, the assignment offset in symbols from the slot origin and the assignment length in symbols respectively, provided along with the UL grant by lower layers.
	2> for each configured logical channel:
		3> select the logical channel if LWmin <= T_Latency < LWmax and the cell where the UL assignment takes place, provided along with the UL grant by lower layers, is part of the set of cells the logical channel is restricted to.
Editor's note: Even though RAN2 agreed to use parameters SCS, cell, and Time, details of selection should be discussed and determined further by RAN2.
Editor’s note: StartingSymbol and NumAssignedSymbols parameters are tentatively used pending final definition in RAN1. 



4
R2-1710299
image1.emf
Slot

C

C

1

-

D

L

15kHz 

num

30kHz 

num

Slot Slot

monitoring 

periodicity

monitoring periodicity

C

C

1

-

U

L

start

data channel 

duration

C

C

2

-

D

L

C

C

2

-

U

L

NR-PDCCH 

monitoring occasions

UL assignments

start

data channel duration


oleObject1.bin
Text


Slot


CC1-UL


CC1-DL


15kHz num


30kHz num


CC2-DL


Slot


Slot


CC2-UL


NR-PDCCH monitoring occasions


monitoring periodicity


monitoring periodicity


start


data channel duration


UL assignments


start


data channel duration



