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Introduction
	In RAN2#97bis meeting, the following agreement was made [1].
	Agreements on MAC architecture:
-  A single DL-SCH can support transmissions using different numerologies and/or TTI duration per MAC entity
-  A single UL-SCH can support transmissions using different numerologies and/or TTI duration per MAC entity



	Whether MAC layer is aware of the numerology 
=>	Key question is if there cases in which a logical channel should not be mapped to a numerology even though it is the same TTI length as another numerology



	In RAN2#98 meeting, the following agreement was made [2].
	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.  



In this contribution, we discuss how the logical channel can be mapped to the numerologies and TTI duration and how to configure the mixed numerologies parameters.

Discussion
Numerology/TTI duration information for higher layer
	In the last meeting, it was agreed that the MAC needs to be aware of more information than just TTI length (e.g. numerology) and an abstraction based on index or profiles can be supported. 

To link the logical channel and numerologies and TTI duration, following two options can be considered.
· Option 1: TTI duration and numerologies are linked to the logical channel independently. (Figure 1(a))
· [image: ]Option 2: The combination of TTI duration and numerologies are linked to the logical channel. (Figure 1(b))


Figure 1: Mapping TTI duration/Numerologies to LC

If option 1 is used, there may be some undesired combinations or restriction. Hence option 2 is preferable to indicate mapping.

Proposal 1: The combination of TTI duration and numerology are linked to the logical channel.

	From the viewpoint of PHY operation, PHY should know the detailed parameters, e.g. SCS, Tx power, DMRS configuration, waveform, and so on. However, from the viewpoint of MAC operation, MAC should know only the TTI duration and the identification identifying each numerology of UL grants. For LCP, one feasible way is that the PHY parameters including TTI duration information are configured which is linked to an index, as a numerology index, and LCH is linked to one or more numerology indexes. 

Proposal 2: The mapping information between LCH and the numerology index(es) is configured to MAC for LCP by RRC.
Proposal 3: The numerology indexes linked to given UL grants are indicated from PHY to MAC.

	It was agreed that the logical channel priority is configured per UE as a baseline. This priority should not be changed according to the numerology. It means that the numerology index priority should not be changed according to the logical channel.

Proposal 4: The numerology index priority is configured per UE.

	For the UL grant processing, when UE receives multiple UL grants which are linked to different numerology index, UE should allocate the resources for one of the given numerology indexes to all the logical channels which are linked to this numerology index in a decreasing logical channel priority order. This should be sequentially done for all numerology indexes of UL grants. In addition, if there is prioritization between numerology indexes, UE should do in a decreasing index priority order. In this case, the prioritization of the numerology index is linked to the value of the index (e.g. an increasing index value indicates a lower priority level).

Proposal 5: The logical channels with the allowed numerology index are allocated resources in a decreasing priority order, for a given UL grant with a given numerology index in an increasing numerology index order.

Multiple numerologies per physical channel
	In the RAN2#97bis meeting, it was agreed that a single DL-SCH can support transmissions using different numerologies and/or TTI duration per MAC entity and the mapping between logical channels and transport channels is the same as LTE.

To support a single DL-SCH/UL-SCH with mixed numerologies, RRC configuration should be able to add, remove, and modify numerology related parameters for PHY layer.

Proposal 6: RRC connection reconfiguration message is used to add/remove/modify numerology related parameters.

	It was agreed that mixed numerologies on a single carrier are supported in connected mode. To support the mixed numerologies, UE should be able to select the numerology of each physical channel by the NW instruction. 
One possible scenario is that the multiple numerologies for each physical channel are semi-statically configured and one numerology is selected to transmit/receive each physical channel. RRC connection reconfiguration message can be used to semi-statically configure the parameters of the multiple numerologies similar to the case of the numerology change, and additionally, L3, L2, or L1 signalling can be used to switch a numerology for each physical channel. For switching the numerology, this scenario has the following two alternatives.
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· Alt 1: For physical channels configured with multiple numerologies, a numerology could be switched per physical channel basis. (Figure 2(a))

· Alt 2: For physical channels configured with multiple numerologies, a numerology could be switched only per a set of numerologies of physical channels. (Figure 2(b))

[image: ]

Figure 2: Numerology selection alternatives

Observation 1: There are two alternatives to switch the numerology for the mixed numerology scenario.
· Alt 1: For physical channels configured with multiple numerologies, a numerology could be switched per physical channel basis.
· Alt 2: For physical channels configured with multiple numerologies, a numerology could be switched only per a set of numerologies of physical channels.

Table 1 shows pros and cons of alternative 1 and alternative 2

Table 1: Pros and Cons of alternatives
	
	Pros
	Cons

	Alt. 1
	Flexibility of the scheduling
	Overhead of the control signalling

	Alt. 2
	Less overhead of control signalling
	If the system needs a lot of combinations of each channel's numerology, the number of set would be also larger



	Based on the above analysis, we prefer the alternative 2 with the limited number of set. To reduce the UE complexity, it should be clarified how many numerology set UE can support.

Proposal 7: Multiple set of the numerologies for physical channels, i.e. numerology set, are configured by RRC message. FFS which signalling is used to switch the numerology.
Proposal 8: RAN2 should discuss how many numerology set UE will support.

Conclusion
	In this contribution, we discuss a numerology change and mixed numerologies. We have the following proposals: 

Proposal 1: The combination of TTI duration and numerology are linked to the logical channel.
Proposal 2: The mapping information between LCH and the numerology index(es) is configured to MAC for LCP by RRC.
Proposal 3: The numerology indexes linked to given UL grants are indicated from PHY to MAC.
Proposal 4: The numerology index priority is configured per UE.
Proposal 5: The logical channels with the allowed numerology index are allocated resources in a decreasing priority order, for a given UL grant with a given numerology index in an increasing numerology index order.

Proposal 6: RRC connection reconfiguration message is used to add/remove/modify numerology related parameters.
Observation 1: There are two alternatives to switch the numerology for the mixed numerology scenario.
· Alt 1: For physical channels configured with multiple numerologies, a numerology could be switched per physical channel basis.
· Alt 2: For physical channels configured with multiple numerologies, a numerology could be switched only per a set of numerologies of physical channels.
Proposal 7: Multiple set of the numerologies for physical channels, i.e. numerology set, are configured by RRC message. FFS which signalling is used to switch the numerology.
Proposal 8: RAN2 should discuss how many numerology set UE will support.

A Text Proposal for TS38.321 draft 0.0.4_r3 is shown in Appendix A.
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Appendix A
A Text Proposal for TS38.321 draft 0.0.4_r3 is shown here.

******* START OF CHANGES *******
[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:
1>	for all the numerology indexes in an increasing numerology index order, allocate resources to the logical channels in the following steps:
-	Step 1: Relevant logical channels mappted to the numerology index 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 mapped to the numerology index 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 CHANGES *******
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