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1. Introduction
RAN#71 approved a SI for study on New RAT (NR, also known as 5G) [1]. The objectives include:
	(3) Initial work of the study item should allocate high priority on gaining a common understanding on what is required in terms of radio protocol structure and architecture to fulfil objective 1 and 2, with focus on progressing in the following areas 
· Fundamental physical layer signal structure for new RAT
· Waveform based on OFDM, with potential support of non-orthogonal waveform and multiple access
· FFS: other waveforms if they demonstrate justifiable gain

· Basic frame structure(s)

· Channel coding scheme(s)

· Radio interface protocol architecture and procedures 
· Radio Access Network architecture, interface protocols and procedures


In this contribution we clarify the following aspects of lower MAC layer functionalities (or MAC procedures) and their dependencies with other WGs with the objective of gaining a common understanding. 
-
error correction through HARQ;
-
Random access procedure;
-
Maintenance of uplink time alignment;
-
Buffer status reporting;

Note that as RAN1 does not have study of channel structure and physical procedures e.g., scheduling on their agenda until later this year, RAN2 can start early discussion for different possibilities making some working assumptions on RAN1 specific topics when possible and then make final decisions only after RAN1 discussion has concluded.
2. Discussion
2.1 Lower MAC functionalities
According to the LTE MAC specification [2], the following functions are supported by the MAC sublayer:

-
mapping between logical channels and transport channels;

-
multiplexing/demultiplexing of MAC SDUs from one or different logical channels onto/from transport blocks (TB) to be delivered to/from the physical layer on transport channels;

-
scheduling information reporting;

-
error correction through HARQ;

-
priority handling between UEs by means of dynamic scheduling;

-
priority handling between logical channels of one MAC entity;

-
Logical Channel prioritisation;

-
transport format selection;

-
radio resource selection for SL.
In general, among these functions, the lower MAC functionalities will have more dependencies to PHY layer and RAN1 input. 
Observation 1. The lower MAC functionalities will have more dependencies to PHY layer and RAN1 input.

In the next section, we describe how such dependencies affect the design of the MAC functionalities at RAN2. 
2.2 HARQ

When designing error correction using HARQ for NR, common understanding with RAN1 is required in most of the aspects. Therefore, we list some of the questions that may arise below instead of making any conclusion.
In LTE, while the DL HARQ is asynchronous, the UL HARQ is synchronous (with a few exceptions e.g., LAA).

2.2.1 Asynchronous HARQ

First question is whether NR should only support asynchronous HARQ or both types need to be supported. Traditionally, RAN1 evaluated and decided the HARQ operation in the context of system performance e.g. data throughput and control channel overhead. Some of Rel-13/14 WIs in LTE already support asynchronous UL HARQ. 
Asynchronous UL HARQ does not require the resources for retransmissions to be reserved. It can also support variable RTT and potentially larger number of HARQ processes than currently supported in LTE. 
However, PDCCH load may be a bottleneck as all the UL grants for retransmissions will need to be explicitly allocated. When UL padding transmission skipping is allowed, the network may not be aware of the loss of first PUSCH transmission and therefore UE may need to go through new SR process to get UL grant for retransmission. Additionally, other verticals such as URLLC may benefit in terms of decreased delay and complexity by using synchronous UL HARQ.
RAN2 progress on design of asynchronous HARQ procedure depends on how the UL grants for retransmissions as well as HARQ process IDs are signaled by the network.
Observation 2. RAN2 progress on design of asynchronous HARQ procedure largely depends on RAN1 input.
2.2.2 Synchronous HARQ and RTT
While HARQ Timing and RTT are not in the scope of RAN2, some of the RAN2 designs such as scheduling, UL grant reception etc. depend on this. RTT may depend on the minimum time duration required between when the grant is received by the UE and UL is transmitted. However, we think that RAN2 does not need to know exact values of HARQ RTT; RAN2 design of synchronous HARQ procedure can progress without the exact value of HARQ RTT. 

Observation 3. RAN2 design of synchronous HARQ procedure can progress without the exact value of HARQ RTT.
It is also possible that variable HARQ RTT would be supported by RAN1. If the variable RTT is not dynamically changed between a first transmission and subsequent retransmissions (i.e., it is deterministic once a new transmission is started), then synchronous HARQ can be possible. To enable this, some sort of indication is required based on which the UE can infer the RTT to apply for that particular HARQ process. 

However, to enable possibility of dynamically changing HARQ RTT for each new transmission and its subsequent retransmissions, asynchronous HARQ operation can be used. Another option to enable such possibility in semi-dynamic fashion would be to use synchronous HARQ until another indication of new RTT is provided to the UE for an ongoing HARQ process, for example using dedicated UL grant similar to adaptive HARQ retransmission in LTE.

Observation 4. Synchronous HARQ operation can be possible for variable HARQ RTT.

In addition, different frame structures have been discussed in RAN1 during the latency reduction SI such as low-latency subframes capable of allowing short HARQ RTT. It is reasonable to assume that these discussions including various possibilities for TTI values will be brought forward to NR as well. In that case, RAN2 may need to discuss on how to handle multiplexing of traffic with different HARQ RTT, e.g., multiplexing of bearers with eMBB, URLLC and other traffic, prioritization of transmissions if the retransmission instants coincide with each other (e.g., new transmission or retransmission of one type of traffic over another). While these discussions apply to both DL and UL operations, the impact on UL operation may be higher as it depends also on the design of the UL grants. RAN2 can make progress by agreeing on how the transmissions will be prioritized when various types of new and retransmission instants may coincide due to variable HARQ RTT. 
Observation 5. RAN2 can make progress on how the transmissions will be prioritized when various types of new and retransmission instants may coincide due to variable HARQ RTT.

2.2.3 Number of HARQ processes
The number of HARQ processes also depends on HARQ RTT and is mostly RAN1 issue as it also affects design of HARQ buffer. RAN2 does not need to know exact values of number of HARQ processes (in LTE specifications, the MAC specification refers to RAN1 spec for the number of parallel HARQ processes per HARQ entity).
2.2.3.1 HARQ Process ID
Similar to LTE, there can be one HARQ entity in NR for a MAC entity which can maintain a number of parallel HARQ processes. Each HARQ process can be identified by the HARQ process ID. Based on synchronous or asynchronous HARQ process, without RAN1 input, RAN2 work can progress on 
· for uplink, how to associate the HARQ process ID to the UL grant indicated for the TTI,

· calculation of explicit or implicit HARQ process ID. 

With asynchronous HARQ and variable RTT, explicit HARQ process ID may need to be signalled.
Observation 6. RAN2 designs on HARQ procedure can progress without the knowledge of exact number of HARQ processes and process IDs.

2.2.4 HARQ ACK/NACK
How to signal ACK/NACK information depends on frame structure defined by RAN1 (e.g., low-latency subframe may have ACK/NACK information within the subframe) as well as physical channels to be defined (e.g., PHICH and PUCCH in LTE).

2.2.5 Adaptive/non-adaptive retransmission
Whether to support one or both of adaptive and non-adaptive retransmission is RAN1 decision. However both types are likely to be supported. Control channel signaling overhead vs efficiency of retransmissions should be considered.

2.2.6 TDD support

The SID does not specify anything about FDD/TDD support. Both FDD and TDD support may be equally important. It may be reasonable to assume that more efforts will be spent on TDD support because of the complexity compared to FDD design. The design of TDD operation is RAN1 scope and the HARQ procedure in general depends on RAN1 decision on frame/subframe structures. 

Observation 7. TDD specific HARQ procedure in general depends on RAN1 decision on frame/subframe structures for TDD.

2.3 Coexistence of short and long TTI

From discussions during latency reduction SI, it seems reasonable to assume that RAN1 will target to have at least two TTI values coexisting in the same NR network -- at least from the network perspective as it will most likely be supported by LTE also. 

It is up to RAN1 to decide whether to support different TTI in same/different frequency resources. From RAN2 perspective, we may need to know whether multiple TTIs will be supported simultaneously from UE perspective. This will also have an impact on whether different QoS needs to be implemented with different bearer on different TTI sizes e.g. short TTI for URLLC. If different TTI is introduced per different QoS (vertical), RAN2 should discuss how different TTIs can co-exist or be multiplexed e.g. the different TTI sizes should be on a per UE basis, or on a per DRB basis, or dynamically switched even for a single UE (or DRB) or supported in parallel by physical layer.

Observation 8. RAN2 should discuss how different TTIs may be multiplexed in MAC.
RAN2 also needs input from RAN1 on the periodicity by which the scheduler should determine TBS size, i.e., whether the minimum scheduling interval should be based on the shorter TTI, or on the larger TTI or something else (for example every X TTI where a single assignment/grant covers X TTIs or can be applicable for X TTIs). This also depends on how TTI is defined, how the boundaries are aligned and how UL grants are provided/differentiated for separate TTI sizes.

Observation 9. RAN2 needs input from RAN1 on the periodicity by which the scheduler should determine TBS.
2.3 RACH procedure
It seems reasonable to assume that NR will support both types of RACH procedures: contention based and contention free RACH. However, the actual design is dependent on the PRACH design by RAN1. 

As the delay requirements of NR will be much stricter, enhanced methods for RACH procedure will be required. Currently, contention-based RACH procedure in LTE has multiple steps (i.e., msg1 to msg4). In NR, the design of preambles, preamble size, preamble transmission/re-transmission process, RA-RNTI, RA response window size, contention resolution could be considered for enhancement. While the design of preamble sequences is RAN1 area, RAN2 work can progress to improve the RACH procedure based on delay requirements of NR. 
Observation 10. RAN2 work can progress to improve the RACH procedure based on delay requirements of NR.
2.4 Maintenance of uplink time alignment

In LTE, MAC entity can be configured with a timeAlignmentTimer to control for how long a MAC entity would be considered to be uplink time aligned with the cell. This timer is started when MAC entity applies the timing advance command. The timing advance command can be received in Random access response message. 
The acceptable value of timeAlignmentTimer depends on the maximum timing difference that can be handled without losing timing alignment for uplink transmission, which could be different for short and long TTI in NR. Although the actual values of maximum timing difference tolerable without losing UL synchronization falls outside of RAN2 scope, RAN2 can progress on designing the UL TA procedure.

Observation 11. Although the actual value of maximum timing difference tolerable without losing UL synchronization falls outside of RAN2 scope, RAN2 can progress on designing the UL TA procedure.
2.5 Buffer status reporting

In LTE, buffer status reporting is used to report the data available in the uplink buffer associated with the MAC entity to the serving cell. Based on the high data rate requirement and coexistence of short and long TTI in NR, BSR reporting procedure (such as triggering of periodic and aperiodic BSR, possible support for different values of BSR periodicities for different TTI, buffer size levels, BSR indices (i.e., LCG indices)) could be enhanced without depending on RAN1 input. As one example, if TTI is very short, the shorter periodicity of BSR could be desirable.
Observation 12. RAN2 can progress on designing BSR procedure considering high data rate requirement and coexistence of short and long TTI in NR.
Based on the above discussions and observations, we propose:
Proposal 1. RAN2 should discuss to identify and progress on the areas where RAN1 input is not required or where progress can be made with some working assumptions.
3. Summary

Based on the above discussion, we observe that the design requirement for different MAC functionalities are dependent on RAN1 input and progress, however there are certain areas where RAN2 can progress on its own. RAN2 should try to make progress on such areas even though RAN1 has not started to discuss details regarding channel structure and physical procedures e.g., scheduling in NR yet. 
Observation 1.
The lower MAC functionalities will have more dependencies to PHY layer and RAN1 input.
Observation 2.
RAN2 progress on design of asynchronous HARQ procedure largely depends on RAN1 input.
Observation 3.
RAN2 design of synchronous HARQ procedure can progress without the exact value of HARQ RTT.
Observation 4.
Synchronous HARQ operation can be possible for variable HARQ RTT.
Observation 5.
RAN2 can make progress on how the transmissions will be prioritized when various types of new and retransmission instants may coincide due to variable HARQ RTT.
Observation 6.
RAN2 designs on HARQ procedure can progress without the knowledge of exact number of HARQ processes and process IDs.
Observation 7.
TDD specific HARQ procedure in general depends on RAN1 decision on frame/subframe structures for TDD.
Observation 8.
RAN2 should discuss how different TTIs may be multiplexed in MAC.
Observation 9.
RAN2 needs input from RAN1 on the periodicity by which the scheduler should determine TBS.
Observation 10.
RAN2 work can progress to improve the RACH procedure based on delay requirements of NR.
Observation 11.
Although the actual value of maximum timing difference tolerable without losing UL synchronization falls outside of RAN2 scope, RAN2 can progress on designing the UL TA procedure.
Observation 12.
RAN2 can progress on designing BSR procedure considering high data rate requirement and coexistence of short and long TTI in NR.
Proposal 1.
RAN2 should discuss to identify and progress on the areas where RAN1 input is not required or where progress can be made with some working assumptions.
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