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[bookmark: _Ref483927698]Introduction
In LTE release 14, the TTI no longer has a single fixed duration but can take two values on the same carrier, the legacy 1 ms and 0.5 ms. The introduction of the short TTI allows reducing the transmission latency for some time-critical services. NR extends this capability to more than two values by allowing configuring dynamically multiple data transmission durations as well as different scheduling opportunities periods. In addition, the NR physical layer provides further flexibility to schedule a UE on different numerologies, characterized by their sub-carrier spacing (SCS). Thus, scheduler can now leverage the numerology dimension to further reduce the transmission latency (e.g. 60KHz for URLLC and 15/30 KHz for eMBB) but also to provide reliable performance for higher Doppler and/or higher frequency bands. From MAC perspective, it was agreed during the study item that one logical channel can be mapped/restricted onto multiple/selected “TTI/numerology types”. As a result, in RAN2#98 meeting, some progress was made regarding the numerology visibility to MAC:
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 propose a definition of the mapping index allowing abstracting both the TTI and the numerology of a granted transmission resource taking into account what MAC needs to know as well as the latest RAN1 status regarding the flexibility in dynamically configuring both components.
Discussion
In MAC, LCP needs to be able to select an LCH configured to operate on a given “TTI/numerology type” when receiving an UL grant for that “TTI/numerology type”. In [1] it is proposed to use “transmission profile” terminology in place of “TTI/numerology types”. We follow this terminology in this document. A simple approach for allowing MAC to differentiate the various transmission profiles without knowing all associated L1 details is to abstract all transmission profiles a UE is configured with via an index e.g. {T0, T1, …TN}. This allows e.g. configuring the mapping of an LCH onto the transmission profiles using a simple bitmap.  
[bookmark: _Ref484781638]Proposal 1: A transmission profile is the combination of a TTI and numerology associated with an UL grant.
1.1. What are the relevant factors impacting MAC?
Next, it is interesting to identify, apart from the above LCH mapping, what parameters MAC should be able to distinguish across transmission profiles. In our view, one important factor should be for MAC to decide, when it received two simultaneous UL grants for different transmission profiles, which one should be processed first. Note that they cannot be processed in parallel since as soon as one LCH is allowed to operate on both, the two LCPs must run serially and so do the two associated MAC PDU constructions.
Proposal 2: MAC LCP should be able to distinguish the priority order for processing two simultaneous UL grants with different transmissions profiles.  
Furthermore, it is common sense that LCH are expected to be mapped onto different transmission profiles based on their latency requirement: e.g. URLLC are mapped onto “shortest” transmission profiles whereas eMBB can accommodate to operate on “larger” transmission profiles or on both. As a result, it should make sense that the transmission profile indexes are ranked in order of latency, e.g. from the tightest to the largest latency.
Proposal 3: Transmission profiles are identified in MAC via an index.
Proposal 4: Transmission profiles indexes are ordered from the tightest to the largest transmission latency.  
In the next section we take into account RAN1’s latest status to further define what transmission profiles “latencies” correspond to.
1.2. [bookmark: _Ref484781642]RAN1 background
In RAN1#88bis, the following agreements were made regarding DL control channel monitoring and data channel duration and starting position for both UL and DL:
1. UE can be configured to “monitor DL control channel” in terms of slot or OFDM symbol with respect to the numerology of the DL control channel
0. Specification supports occasion of “DL control channel monitoring” per 1 symbol with respect to the numerology of the DL control channel
0. Note: This may not be applied to all type of the UEs and/or use-cases
0. FFS whether or not total number of blind decodings in a slot when a UE is configured with “DL control channel monitoring” per symbol can exceed the total number of blind decodings in a slot when a UE is configured with “DL control channel monitoring” per slot
1. Data channel (PDSCH, PUSCH) duration and starting position
1. Specification supports data channel having minimum duration of 1 OFDM symbol of the data and starting at any OFDM symbol to below-6GHz, in addition to above-6GHz
0. Note: This may not be applied to all type of UEs and/or use-cases
0. UE is not expected to blindly detect the presence of DMRS or PT-RS
0. FFS: Whether a 1 symbol data puncturing can be indicated by preemption indication
1. FFS: combinations of data duration and granularities of data position
1. Specification supports data having frequency-selective assignment with any data duration
1. FFS: relations between “DL control channel monitoring” occasions and data channel durations
1. Note: this is addition to the agreements at RAN1#86.
1. Note : 1-symbol case may be restricted depending on the BW

The above agreements provide some insight on the level of flexibility provided by the NR physical layer in terms of resource allocation. More specifically, a resource allocation delivered in a DL control channel indicates:
· The resource bandwidth (as in LTE)
· The resource duration (data channel duration)
· The starting position of the resource
This is illustrated in Figure 1 with an FDD example.



[bookmark: _Ref484706951]Figure 1: NR resource allocation flexibility
In LTE, scheduling interval and data channel duration are the same thing, which is the TTI. As shown above, in NR they are now two different things: the scheduling interval is related to the DL control channel monitoring occasions, which are RRC configured, whereas the data channel duration is allocation-specific and dynamically signalled in each grant. So from RAN2 perspective, we want to map a logical channel onto a “TTI”. Since this mapping is RRC-configured, it rather relates to the scheduling interval than the (dynamic) data channel duration. So from RAN2 perspective, our TTI terminology used so far should refer to DL control channel monitoring occasions (aka “scheduling”) intervals. For example, eMBB LCHs could be mapped onto “large” monitoring occasion configurations whereas URLLC LCHs should be mapped onto “short” monitoring occasion configurations.
Proposal 5: The notion of TTI used in RAN2 so far should refer to RAN1’s DL control channel monitoring occasion intervals.

Furthermore, the first bullet of the above RAN1 agreements indicates that the DL control channel monitoring occasions are UE specific and can be signalled in terms of slots or symbol depending on the numerology. But a slot may have a different meaning depending on the numerology as illustrated in Figure 2. In any case, from MAC perspective, we can abstract a RAN1’s configuration of DL control channel monitoring occasions by a “transmission profile” defined by at least the monitoring occasion’s period, expressed in a common unit across numerologies (e.g. ms). 



[bookmark: _Ref484707469]Figure 2: Numerology impact on slot duration and monitoring occasions
Observation 1: A UE can be configured with DL control channel monitoring occasions on different numerologies, with numerology-specific monitoring occasion interval durations.

Proposal 6: A UE L1 configuration of DL control channel monitoring occasions is abstracted to MAC by a “transmission profile” defined by at least the monitoring occasion’s period expressed in a common unit across numerologies (e.g. ms).

In addition, RAN1 defines HARQ processing latencies as follows:
· K0: Delay between DL grant and corresponding DL data (PDSCH) reception.
· K1: Delay between DL data (PDSCH) reception and corresponding acknowledgement transmission on UL
· K2: Delay between UL grant reception in DL and UL data (PUSCH) transmission
· K3: Delay between ACK/NAK reception in UL and corresponding retransmission of data (PDSCH) on DL
Given the control channel thickness and period are different for different numerologies (Figure 2-right), the above processing latencies are expected to be numerology-specific. Therefore, even assuming two transmission profiles mapped on two different numerologies have the same monitoring occasions, one might be prioritized over the other if it has a shorter processing latency requirement. For example, when receiving simultaneous UL grants on both profiles, MAC LCP should first process the grant associated with the shortest K2.
Proposal 7: When two transmission profiles mapped on two different numerologies have the same monitoring occasions, one might be prioritized over the other if it has a shorter processing latency requirement.
1.3. MAC indexing of transmission profiles
From the discussions in Sections 2.1 and 2.2, we can conclude that:
Proposal 8: There is one MAC transmission profile for each L1 configuration of DL control channel monitoring occasions
Proposal 9: Transmission profiles are indexed by increasing order of DL control channel monitoring occasion periods
Proposal 10: For transmission profiles with same DL control channel monitoring occasion period, the order should follow the processing latency parameter K2.
Conclusion
In this contribution, we analyze the meaning of “TTI/numerology” from MAC perspective in order to derive a proper way for MAC to interface with L1 on this matter. We conclude with the following proposals and suggest a corresponding TP.
Proposal 1: A transmission profile is the combination of a TTI and numerology associated with an UL grant.
Proposal 2: MAC LCP should be able to distinguish the priority order for processing two simultaneous UL grants with different transmissions profiles.  
Proposal 3: Transmission profiles are identified in MAC via an index.
Proposal 4: Transmission profiles indexes are ordered from the tightest to the largest transmission latency.  
Proposal 5: The notion of TTI used in RAN2 so far should refer to RAN1’s DL control channel monitoring occasion intervals.
Proposal 6: A UE L1 configuration of DL control channel monitoring occasions is abstracted to MAC by a “transmission profile” defined by at least the monitoring occasion’s period expressed in a common unit across numerologies (e.g. ms).
Proposal 7: When two transmission profiles mapped on two different numerologies have the same monitoring occasions, one might be prioritized over the other if it has a shorter processing latency requirement.
Proposal 8: There is one MAC transmission profile for each L1 configuration of DL control channel monitoring occasions
Proposal 9: Transmission profiles are indexed by increasing order of DL control channel monitoring occasion periods
Proposal 10: For transmission profiles with same DL control channel monitoring occasion period, the order should follow the processing latency parameter K2.
Reference
[1]  [bookmark: _Ref477882061][bookmark: _Ref481490095][bookmark: _Ref484769986]R2-1704397	 “Further aspects on LCP” Ericsson

5. Text proposal
[bookmark: _Toc483424932][bookmark: _Toc483424940]3.1	Definitions
[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK8]For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].

HARQ information: HARQ information for DL-SCH or for UL-SCH transmissions consists of New Data Indicator (NDI), Transport Block size (TBS), Redundancy Version (RV), and HARQ process ID.

Serving Cell: A Primary or a Secondary Cell [5].

Special Cell: For Dual Connectivity operation the term Special Cell refers to the PCell of the MCG or the PSCell of the SCG depending on if the MAC entity is associated to the MCG or the SCG, respectively. Otherwise the term Special Cell refers to the PCell. A Special Cell supports NR-PUCCH transmission and contention based Random Access.
Editor's note: The term NR-PUCCH is tentatively used to capture the agreements, but can be changed later.
Timing Advance Group: A group of Serving Cells that is configured by RRC and that, for the cells with an UL configured, using the same timing reference cell and the same Timing Advance value. A Timing Advance Group containing the SpCell of a MAC entity is referred to as PTAG, whereas the term STAG refers to other TAGs.

Transmission Profile: A transmission profile is the combination of a TTI and numerology associated with an UL grant 
 (…)
4.3.2	Services expected from physical layer
The MAC sublayer expects the following services from the physical layer:
-	data transfer services;
-	signalling of HARQ feedback;
-	signalling of Scheduling Request;
-	measurements (e.g. Channel Quality Indication (CQI)).
A DL-SCH may support receptions using different numerologies and/or TTI durationtransmission profiles within the MAC entity. A UL-SCH may also support transmissions using different numerologies and/or TTI durationtransmission profiles within the MAC entity.

(…)

[bookmark: _Toc483424968]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).
-	supportedTransmissionProfiles which identifies the supported Transmission Profiles
There is one MAC Transmission Profile for each L1 configuration of DL control channel monitoring occasions [6]. Transmission Profiles are indexed by increasing order of DL control channel monitoring occasion periods. For transmission profiles with same DL control channel monitoring occasion period, the order should follow the processing latency parameter K2 [6].
The MAC entity shall process UL grants received simultaneously in the order of their associated Transmission Profile index. 
The relevant logical channels for an UL grant are the logical channels supporting the Transmission Profile of the UL grant.
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>	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.
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