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Introduction
For last RAN2 #98 meeting, regarding NR LCP, two agreements were made:
Agreements
1.	For LCP and to know which restrictions to use the MAC needs to be aware of more information than just TTI length (e.g. numerology). An abstraction based on index or profiles can be supported.   Exact parameters are FFS.  

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Agreements:
1. Logical Channel Priority is configured per MAC entity per logical channel 
2. PBR is not configured per numerology, it is per “logical channel” as in LTE 
3. Bj is calculated per logical channel. It is up to UE implementation to ensure that Bj is updated at the right time.  
4. FFS if it is up to UE implementation how the UL grants are processed if multiple UL grants are received or some form of prioritization guidelines are specified.  

In this contribution, we discuss the modelling of abstraction of numerology/TTI based on profiles and the LCP procedure for multiple grants.
[bookmark: _Ref178064866]Discussion
One concern for LCP is whether the MAC is to be aware of numerology/TTI duration. Based on our understanding, the motivation to make MAC be aware these physical properties is to select the logical channels to perform LCP, since there is a mapping between logical channel and certain physical properties, e.g., numerology or TTI duration. Based on our understanding, the physical parameter itself does not mean anything to the MAC, Phy should avoid delivering these physical parameters to MAC directly. Thus, some form of abstraction based scheme should be introduced so that the MAC does not need to know exactly the physical properties, while the LCP can be performed based on the abstract index or transmission profile [1]. For the following discussion, we name the abstracted physical properties as abstract profile, which is like a container which include some physical properties, e.g., subcarrier spacing, TTI length etc.
[bookmark: _Toc485290443][bookmark: _Toc485298574][bookmark: _Toc485299551][bookmark: _Toc485389990]MAC should not be aware of the meaning of physical parameters, e.g., numerology and/TTI duration.
[bookmark: _Toc485290444][bookmark: _Toc485298575][bookmark: _Toc485299552][bookmark: _Toc485389991]An abstract profile including some relevant physical properties shall be aware in MAC for performing LCP. 
So the question is what parameters should be included in the abstract profile? 
Firstly, it has been agreed that the TTI length should be at least included. However, even the same TTI duration could be corresponding to different numerologies, for example, the TTI duration for mini-slot in 15KHz numerology is equal to the TTI duration for 60KHz numerology. These two numerologies result in different properties, e.g., 15KHz numerology is more robust towards delay spread than than for 60KHz numerology. If there are two grants with the same TTI length but with different numerology (i.e., SCS, subcarrier-space), the MAC can not tell which one should be adopted. Thus, besides the TTI length in the abstract profile, the SCS should be also included. 
Secondly, as the packet duplication is supported in NR, for the CA case, there are two logical channels associated to the PDCP with duplication. As required, the original data and duplicated data on these two logical channels are not allowed to be scheduled on the same carrier. We have analysed the impacts of duplication to the MAC [2], and our conclusion is that the bitmap based carrier mapping restrictions should be added on these logical channels, so the abstract profile should also include carrier ID information so that the MAC can distinguish which one of the logical channel can be scheduled for given abstract profile.
Thirdly, the abstract profile ID should be informed to MAC, so that the LCP can be performed based on the abstract profile ID.
[bookmark: _Toc485290445][bookmark: _Toc485298576][bookmark: _Toc485299553][bookmark: _Toc485389992]The parameters of abstract profile should at least include: TTI length, SCS, carrier ID, abstract profile ID. 
Another question is how to configure the abstract profile?
When configuring logical channel during the radio bearer setup, each logical channel should be configured with at least one abstract profile. The abstract profile ID can be used to uniquely identify the abstract profile, thus the abstract profile ID should be configured in the logical channel. One example is as follows:
· LCH a (AP 1, AP 2): two abstract profiles are configure for logical channel a, e.g., eMBB data is for LCH a and AP 1 is corresponding to the physical properties with long TTI length and AP 2 is for short TTI length.
· LCH b (AP 2): only one abstract profiles is configured for logical channel b, e.g., URLLC data is for LCH b, only AP 2 with short TTI length is configured.
It’s the network to determine the abstract profile ID and what parameters are included in the abstract profile. The parameters for the abstract profile are allowed to be updated while it should be transparent to UE MAC. Once the uplink grant is received, the MAC can be aware of the abstract profile ID from the Phy.
[bookmark: _Toc485389993]The logical channel is configured at least a abstract profile ID, MAC is aware of the abstract profile ID once the uplink grant is received. 
How to perform LCP when multiple grants with different profile ID are received?
In most of the cases, there is no need to specify the prioritization on usage of the grants. These cases can be categorized as follows:

	
	Logical channel configured with multiple abstract profile IDs
	Each logical channel configured with only one abstract profile ID

	Multiple grants each with the same abstract profile ID
	No prioritization
	No prioritization

	Multiple grants each with different abstract profile ID
	Prioritization
	No prioritization



We think the prioritization on usage of grant should be only considered when there is at least one logical channel is configured with multiple abstract IDs and the received grants are with different abstract profile ID.
Let’s take a simple example: two logical channel, LC a and LC b, each maps to two abstract profiles: AP 1 and AP 2, as shown in the table.
	LC a
	LC b

	AP 1
	AP 2

	AP 2
	AP 1


For LC a, it prefers to use AP 1 than AP 2. The use case could be, for example, if a eMBB logical channel is mapped to a short TTI profile and long TTI profile, it prefers to use long TTI profile since higher data rate can be achieved for long TTI than short TTI.
If two grants (grant 1 with AP 1 and grant 2 with AP 2) are received, there are several cases needed to be considered:
· Case 1 (LC a priority > LC b priority): the prioritization should not be specified, since even if the LC a does not prefer to use grant 2 with AP2, the MAC will schedule resources on grant 2 to LC a with higher priority than to LC b;
· Case 2 (LC a priority < LC b priority): the same with case 1, no need to specify prioritization;
· Case 3 (LC a priority = LC b priority): the prioritization for usage of grant 1 and grant 2 should be the same, and the principle is the data on each LC should be tried to scheduled on the preferable grant. For example, data from LC a should be on grant 1 and data from LC b is on grant 2.
[bookmark: _Toc485298577][bookmark: _Toc485299554][bookmark: _Toc485389994]The preference on usage of abstract profile ID should be specified if one logical channel maps to multiple abstract profile ID. 
[bookmark: _Toc485299555][bookmark: _Toc485389995]No prioritization on usage of grant should be specified for logical channel with different priority.
[bookmark: _Toc485299556][bookmark: _Toc485389996]For logical channel with the same priority and mapped to multiple abstract profile IDs, if multiple grants received, try to schedule the data from logical channel on the preferable grant.
Conclusion
Based on the discussion in section 2 we propose the following:
[bookmark: _GoBack]Proposal 1	MAC should not be aware of the meaning of physical parameters, e.g., numerology and/TTI duration.
Proposal 2	An abstract profile including some relevant physical properties shall be aware in MAC for performing LCP.
Proposal 3	The parameters of abstract profile should at least include: TTI length, SCS, carrier ID, abstract profile ID.
Proposal 4	The logical channel is configured at least a abstract profile ID, MAC is aware of the abstract profile ID once the uplink grant is received.
Proposal 5	The preference on usage of abstract profile ID should be specified if one logical channel maps to multiple abstract profile ID.
Proposal 6	No prioritization on usage of grant should be specified for logical channel with different priority.
Proposal 7	For logical channel with the same priority and mapped to multiple abstract profile IDs, if multiple grants received, try to schedule the data from logical channel on the preferable grant.
Annex Text proposal to TS 38.321
[bookmark: _Toc483424968]
*** Start of change ***
5.4.3	Multiplexing and assembly
[bookmark: _Toc483424969]5.4.3.1	Logical channel prioritization
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).
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.
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.
The MAC entity shall, when a new transmission is performed:
The relavant logical channels are configured with the abstract profile ID which is the same with the abstract profile ID in the UL grant.
1>	allocate resources to the logical channels in the following steps:
-	Step 1: Relevant logical channels for the UL grant with Bj > 0 are allocated resources in a decreasing priority order. If the PBR of a logical channel is set to "infinity", the MAC entity shall allocate resources for all the data that is available for transmission on the logical channel before meeting the PBR of the lower priority logical channel(s);
Editor's note: compared to LTE, 'All the logical channels' is replaced with 'Relevant logical channels for the UL grant'.
-	Step 2: the MAC entity shall decrement Bj by the total size of MAC SDUs served to logical channel j in Step 1;
NOTE:	The value of Bj can be negative.
-	Step 3: if any resources remain, all the relevant logical channels are served in a strict decreasing priority order (regardless of the value of Bj) until either the data for that logical channel or the UL grant is exhausted, whichever comes first. Logical channels configured with equal priority should be served equally.
Editor's note: the wording 'relevant' needs to be further clarified after having concrete RAN2 agreements (by considering e.g. numerology, packet duplication, etc.).
Editor's note: It is unclear whether the relevant logical channels are applicable in Step 3 from the agreements, and needs to be discussed by RAN2. Other than the 'Relevant logical channels for the UL grant' in Step 1 above, all the LCP text is same as in LTE, but still RAN2 needs to confirm.
*** End of change ***
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