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1 Introduction
In the RAN2 NR AH #2 meeting, we discussed various aspects of LCP. More specifically, the following agreements were made.
	Agreements
1. At least numerology and TTI length are included/taken into account for restriction for LCP.
· FFS if any other parameters need to be considered for LCP.
· FFS how LCP is modeled.
· FFS how the UE processes multiple UL grants and what parameters need to be visible to the MAC.



In this contribution, we will focus on the following issues to make further progress on the LCP discussion.
· The impact of the processing order of UL grants
· How to deal with the processing order of UL grants
2 Discussion
Depending on the physical layer of NR, a UE can receive multiple UL grants that have different physical configurations with respect to numerology and/or TTI duration. In this case, the UE should have a means of treating these multiple UL grants, for instance, which grant the UE will process first. Depending on the processing order of the UL grants, the behaviors of not only the UE but also the gNB can be somewhat different. We first investigate this aspect first and then study how to deal with this issue in the specification.

(1)  The impact of the processing order of UL grants
First of all, the processing order of UL grants has an impact on the amount of traffic of each logical channel (LCH) after LCP. We now explain this phenomenon based on the following example.
· A UE is configured with 3 LCHs (a, b and c), where the priority among them is a (highest) > b > c.
· The UE receives two UL grants (X and Y), where LCHs a and b are mapped to UL grant X and LCHs a and c are mapped to UL grant Y.
· The amount of traffic of each LCH is illustrated in Fig. 1(a), where Bj for LCH j is marked separately. Moreover, the amount of traffic that can be carried by each UL grant is illustrated in Fig. 1(b).


Figure 1 (a) The amount of traffic of each LCH (b) The amount of traffic that each UL grant can carry

In the situation illustrated in Fig. 1, we can consider the following two cases.
· Case 1) The UE processes UL grant X first and then processes UL grant Y
· Since LCHs a and b are mapped to UL grant X, Ba and Bb are allocated first and then the remaining traffic of LCH a is allocated.
· After that, the traffic of LCH c is allocated to UL grant Y (since that of LCH a is all allocated to UL grant X).
· Case 2) The UE processes UL grant Y first and then processes UL grant X
· Since LCHs a and c are mapped to UL grant Y, Ba and Bc are allocated first and then the remaining traffic of LCH a is allocated.
· After that, Bb of LCH b is allocated first to UL grant X, and then the remaining traffic of LCH a and that of LCH b are sequentially allocated.
For each case, the amount of traffic of each LCH after LCP is illustrated in Figs. 2(a) and 2(b).



Figure 2 LCP and the amount of traffic of each LCH after LCP for different processing order

As shown in Fig. 2, after LCP, the amount of traffic of each LCH can be different depending on which UL grant will be processed first.
Observation 1: Depending on the processing order of UL grants, the amount of traffic of each LCH after LCP can be different.

Next, the processing order of UL grants has an impact on the performance of HARQ retransmission. We now explain this phenomenon based on the following example.
· The amount of traffic in UE’s buffer is, for instance, 100.
· The UE receives two UL grants (X and Y) at the same time and UL grant X has a shorter HARQ timeline than UL grant Y, as shown in Fig. 3.
· The amount of traffic that UL grant X can carry is 40.
· The amount of traffic that UL grant Y can carry is 80.
In this situation, we can consider the following two cases.
· Case 1) The UE processes UL grant X first and then processes UL grant Y
· The UE allocates 40 of the traffic to UL grant X and then 60 of the traffic to UL grant Y.
· Case 2) The UE processes UL grant Y first and then processes UL grant X
· The UE allocates 80 of the traffic to UL grant Y and 20 of the traffic to UL grant X.
If we compare these two cases, the amount of traffic that is carried by UL grant X is different for each case. If we assume that sending the traffic via UL grant X is advantageous in terms of latency, Case 1 can be more efficient than Case 2. In other words, by judging ACK or NACK and initiating new transmission or retransmission as early as possible for a more amount of traffic in Case 1, the UE can more quickly serve the traffic in its buffer.
Observation 2: Depending on the processing order of UL grants, HARQ performance with respect to latency can be affected.



Figure 3 Different HARQ timelines of different UL grants

(2)  How to deal with the processing order of UL grants
We have discussed so far the impact of the processing order of UL grants. We then now consider how to deal with this issue in the specification. The following three options seem possible.
· Option 1: A gNB determines and indicates the processing order of UL grants via RRC signaling like the logical channel priority.
· Option 2: In the MAC specification, the processing order (or the related guideline) is specified.
· Option 3: The processing order is solely determined by UE implementation.
The pros and cons of these options can be summarized as follow.

Table 1 Pros and cons of the options for how to deal with the processing order of UL grants
	
	Pros
	Cons

	Option 1
	- gNB can semi-statically control the processing order.
	- New signaling to indicate the processing order is required.

	Option 2
	- No additional signaling is required.
	- The processing order is fixed.

	Option 3
	- No additional signaling is required.
- UE has the freedom of choosing the processing order.
	- It can happen that UE’s behavior is not aligned with gNB’s intention.




Observation 3: We identify the following options to deal with the processing order of UL grants.
· Option 1: A gNB determines and indicates the processing order of UL grants via RRC signaling.
· Option 2: In the MAC specification, the processing order (or the related guideline) is specified.
· Option 3: The processing order is solely determined by UE implementation.

To judge which option is the most appropriate one, it should be considered how significant the impact of the processing order of UL grant is. From this perspective, our opinion is as follows.
· Most of UEs may operate only for eMBB and not so many UEs use URLLC. In this context, any enhancement such as guideline or signaling will be only for a small fraction of UEs.
· Even if the processing order is not defined and a UE applies wrong order, the end result may not be severe since URLLC would anyway be the highest priority in most cases and will not be mapped to the UL grant for eMBB. Accordingly, the amount of URLLC traffic transmitted will be not much different.
Observation 4: If we consider that (i) URLLC may have the highest LCH priority in most cases and (ii) URLLC may not be mapped to the UL grant for eMBB, it is expected that the impact of the processing order of UL grants may not be severe.

Based on the observations in this contribution, we have the following proposal.
Proposal: It is up to UE implementation how the UL grants are processed if multiple UL grants are received.
3 Conclusions
Observation 1: Depending on the processing order of UL grants, the amount of traffic of each LCH after LCP can be different.
Observation 2: Depending on the processing order of UL grants, HARQ performance with respect to latency can be affected.
Observation 3: We identify the following options to deal with the processing order of UL grants.
· Option 1: A gNB determines and indicates the processing order of UL grants via RRC signaling.
· Option 2: In the MAC specification, the processing order (or the related guideline) is specified.
· Option 3: The processing order is solely determined by UE implementation.
Observation 4: If we consider that (i) URLLC may have the highest LCH priority in most cases and (ii) URLLC may not be mapped to the UL grant for eMBB, it is expected that the impact of the processing order of UL grants may not be severe.
Proposal: It is up to UE implementation how the UL grants are processed if multiple UL grants are received.
Microsoft_Visio_2003-2010____1.vsd
Ba


Bb


Bc


Priority: a > b > c


LCH a


LCH b


LCH c


Amount of traffic before LCP


UL grant X


LCHs a and c are mapped


UL grant Y


Amount of traffic that can be supported by UL grant


LCHs a and b are mapped


(a)


(b)



image2.emf
(1) a > b

(2) a > c (2) a > b

(1) a > c 1 2 3

4 5

1 2 3

4 5 6

Processing order of UL grants: X > Y

Amount of remaining 

traffic after LCP

LCH a

LCH b

LCH c

LCH a

LCH b

LCH c

Amount of remaining 

traffic after LCP

Processing order of UL grants: Y > X

(a) (b)


Microsoft_Visio_2003-2010____2.vsd
(1) a > b


(2) a > c


(2) a > b


(1) a > c


1


2


3


4


5


1


2


3


4


5


6


Processing order of UL grants: X > Y


Amount of remaining traffic after LCP


LCH a


LCH b


LCH c


LCH a


LCH b


LCH c


Amount of remaining traffic after LCP


Processing order of UL grants: Y > X


(a)


(b)



image3.emf
Two UL grants are assigned 

at the same time

UL grant X Data ACK/NACK

Data ACK/NACK

yIf ACK, new transmission can be initiated early.

yIf NACK, retransmission can be initiated early.

Time

UL grant Y

T


Microsoft_Visio_2003-2010____3.vsd
Two UL grants are assigned at the same time


UL grant X


Data


ACK/NACK


Data


ACK/NACK


�  If ACK, new transmission can be initiated early.
�  If NACK, retransmission can be initiated early.


Time


UL grant Y


T



image1.emf
Ba

Bb

Bc

LCH a

LCH b

LCH c

Amount of traffic

before LCP

UL grant X

UL grant Y

Amount of traffic that can 

be supported by UL grant

Priority: a > b > c

LCHs a and c

are mapped

LCHs a and b

are mapped

(a) (b)


