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1 Introduction
The following agreements have been made regarding support for multiple numerologies in RAN2#NR AH [1]:
Agreements
1: a single logical channel can be mapped to one or more numerology/TTI duration. 
2: ARQ can be performed on any numerologies/TTI lengths that the LCH is mapped to. 
3: The RLC configuration is per logical channel without dependency on numerology/TTI length.
4: Logical channel to numerology/TTI length mapping can be reconfigured via RRC reconfiguration.
5:	RAN2 will leave RAN1 to decide whether HARQ retransmission can be performed across different numerologies and/or TTI durations. 
6: wait for more details from RAN1 to decide whether HARQ configuration, if any, needs to be numerology/TTI duration specific.
7: a single MAC entity can support one or more numerology/TTI durations. 
8: LCP takes into account the mapping of logical channel to one or more numerology/TTI duration. Details of LCP will be discussed in the WI phase

Also, the following agreements have been made in RAN1#86bis [2]:

Agreements:
· For slot-based scheduling, NR specification should support the following
· DL data reception in slot N and corresponding acknowledgment in slot N+K1
· All UEs should support K1≥1 with exact values for K1 FFS
· Some UEs may support K1=0 (FFS conditions)
· UL assignment in slot N and corresponding uplink data transmission in slot N+K2
· All UEs should support K2≥1 with exact values for K2 FFS
· Some UEs may support K2=0 (FFS conditions)

In this contribution, we discuss one potential issue related to the agreements above: the difference in the processing order of MAC Control Elements (CEs) at the transmitter and receiver, and present some possible solutions.
2 Out of order reception of MAC data
2.1 For multiple numerologies
Figure 1 illustrates an example where the UE transmits MAC PDUs over two numerologies (one with long, the other with short TTI duration).

In this example:
1. t1: UE receives Grant1 for Numerology1 and starts preparing MAC PDU1 for transmission.
2. t2: UE receives Grant2 for Numerology2 and starts preparing MAC PDU2 for transmission.
3. t3: UE transmits MAC PDU2 on Numerology2.
4. t4: UE transmits MAC PDU1 on Numerology1.

As can be seen, the order of transmission of MAC PDUs is reversed compared to the order of grants.	


[bookmark: _Ref477858260][bookmark: _Ref477858249]Figure 1: MAC PDUs transmitted on different numerologies

Let us now consider the processing of the two grants in more detail at the transmitter. As illustrated in Figure 1, some time needs to be allocated for PHY encoding before UL transmission and Layer2 must prepare the MAC PDU before PHY encoding is to be started. It is also likely that the transport block (TB) for the longer TTI numerology (Numerology1) is larger than the TB for the shorter TTI numerology (Numerology2), therefore the PHY encoding will take longer for Numerology1. 

For the specific example above, this means that UE Layer2 would process MAC PDU1 before MAC PDU2. Note that there are many other possible scenarios that are not discussed here with respect to the relative timing between Grant1 and Grant2, however the scenario in Figure 1 is provided to illustrate the likelihood of the change of order of grants and MAC PDUs mentioned above.

One important point to note in Figure 1 is that the receiver cannot reliably make any assumptions about the relative timing of L2 and PHY processing at the transmitter. For example, it cannot always assume that a MAC PDU that is received later (MAC PDU1) has been processed later in Layer2 at the transmitter or vice versa, because it depends on the implementation on the transmitter side.
2.2 For single numerology with dynamic uplink grant to transmission timing
Another scenario where the order of MAC PDUs in the UE and the network could be different is when the uplink grant to transmission timing changes dynamically for a single numerology. This would occur when the timing is indicated by the uplink grant, or due to other delays in UL transmission such as the 2 step scheduling for LAA.

In LTE FDD, the timing between uplink grant to transmission is fixed to 4 subframes, as shown in Figure 2. Therefore, the MAC PDUs are processed and transmitted by the UE and received by the network in the same order.




[bookmark: _Ref477860544]Figure 2: LTE FDD grant to transmission timing
However, in NR, uplink grant to transmission timing may not be fixed, as in Figure 3.



[bookmark: _Ref477860637]Figure 3: Possible NR grant to transmission timing
As illustrated, it is possible that the uplink grant to transmission timing (i and j values in Figure 3) could change dynamically (e.g. indicated in DCI) for a single numerology, therefore causing the change of order of MAC PDUs. 
2.3 Impact on the MAC CEs
Now let us consider the implications of out of order arrival of MAC PDUs explained above, on the MAC CEs. The change of order of MAC PDUs will mean that the MAC CEs are received out of order as well. For the example in Figure 1, the BSR contents in MAC PDU1 may not take into account the data sent in MAC PDU2. There may have been enough data left in UL buffer after serving Grant1 to fill a maximum size TB (for example, about 18KB for LTE UE Category 8), which was then served with Grant2. However the BSR in MAC PDU1 would indicate this amount as pending in the UE UL buffer. This might cause the scheduler in the network to allocate unnecessary resources for the UE.

This situation is avoided in LTE by requiring the UEs to always send the latest buffer status value:

‘All BSRs transmitted in a TTI always reflect the buffer status after all MAC PDUs have been built for this TTI’ [3].

Although we have investigated the problem for a specific MAC CE (BSR) and direction (UL) in the above example, this would be relevant to other MAC CEs as well such as PHR reports.

Observation 1: The contents of MAC CEs might be out of date at the receiver when MAC PDUs are transmitted over multiple numerologies or a single numerology with dynamic uplink grant to transmission timing.
Note that the L2 might be able to determine that the CEs in MAC PDU1 will be out of date when it prepares MAC PDU2 in Figure 1 (for example by keeping track of future transmission timing of MAC PDUs) and take an action to include a fresh CE in MAC PDU2. However, the receiver might still not be able to determine which MAC PDU had been created earlier.

Observation 2: The receiver may not be able to determine the correct order of MAC CEs and therefore the validity of their contents.
Proposal 1: RAN2 is requested to evaluate the impact of out of order reception of MAC CEs
3 Reordering of MAC CEs at the receiver
If out of order reception of MAC CEs is determined to be an issue for NR, we look at some enhancements to assist the receiver with this.
[bookmark: _Ref469931260]3.1 Alternative 1: Add SN field for specific MAC CEs
In this solution, a small sequence number (for example, consisting of four bits) is added to the MAC CEs for which the order would be important (e.g. BSR). The receiver maintains a window for sequence number validity.
The drawback of this solution would be the additional overhead required for sending the SN in certain MAC CEs, and the processing time required to check the validity of SN at the receiver. The advantage is that it is relatively a simple change to add the SN in MAC CEs.
3.2 Alternative 2: SN for the MAC PDU
Another alternative is to add a sequence number field for the whole MAC PDU. This could be in a new MAC CE, or in a separate new field in the MAC PDU.
The advantage of this option would be eliminating duplicate SNs when more than one MAC CE needs to include SNs. The disadvantage would be the SN field would be included even when not required, for example when there are no affected MAC CEs in the MAC PDU.
3.3 Comparison of alternatives
	Alternative
	SN for MAC CEs
	SN for MAC PDU

	Overhead
	Medium 
	Large 

	Processing impact/complexity
	Small 
	Small 

	Flexibility/applicability
	Good 
	Good 


Table 1 Comparison of MAC CE validity determination alternatives
Proposal 2: RAN2 is requested to evaluate the proposed solutions to aid the receiver in determining the order of MAC CEs (FFS for which CEs).
4 Conclusions
Observation 1: The contents of MAC CEs might be out of date at the receiver when MAC PDUs are transmitted over multiple numerologies or a single numerology with dynamic uplink grant to transmission timing.
Observation 2: The receiver may not be able to determine the correct order of MAC CEs and therefore the validity of their contents.
Proposal 1: RAN2 is requested to evaluate the impact of out of order reception of MAC CEs
Proposal 2: RAN2 is requested to evaluate proposed solutions to aid the receiver in determining the order of MAC CEs (FFS for which CEs).
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