3GPP TSG-RAN WG2#91



              R2-153526
Beijing, China, August 24– 28, 2015

Source: 
ZTE

Title: 
LCP Modification for LAA Scell
Agenda item:
7.1.3
Document for:     Discussion and Decision

1 Introduction
The new Rel-13 WI: LAA using LTE got approved at RAN#68 in [1] and comprehensive technical findings have been captured in [2]. In this contribution, we shall focus on LCP modification for LAA Scell and make the proceeding proposals.
2 Discussion
In the much broader 5GHz unlicensed spectrum, there are many potential unlicensed radio resources for operators’ use by means of LAA technique, and it has been confirmed that the legacy licensed CA framework, e.g. the data scheduling and transmission means for licensed Pcell/Scells should be reused for LAA Scells as much as possible.

LCP is a basic function, which allows eNB to control the data rate of multiple logic channels, especially for UL data transmission. In the case of legacy UL CA, where UE may receive more than one UL grants in the same TTI, it is up to UE implementation in which order those multiple UL grants should be applied. See references from 36.321 below:
“When the MAC entity is requested to transmit multiple MAC PDUs in one TTI, steps 1 to 3 and the associated rules may be applied either to each grant independently or to the sum of the capacities of the grants. Also the order in which the grants are processed is left up to UE implementation.”
In the case of LAA UL CA, where UE may also receive more than one UL grants from both licensed serving cells and LAA Scells in the same TTI, we found that the order in which those UL grants are applied can have impacts on UL data transmission efficiency.
Given the fact that some logic channels corresponding to GBR services may not be allowed to be offloaded/mapped into LAA Scells, so only the UL grants received from licensed serving cells can serve those logic channels. For brevity, we denote those mapping-constrained logic channels as Type B, and leftover logic channels as Type A. 
In Figure 1 below, assuming UE is configured with Pcell + LAA Scell and three DRBs in parallel, and at certain TTI, UE receives one UL grant: 2000 from Pcell and another UL grant: 4000 from LAA Scell simultaneously. UE may apply the two UL grants in two different orders.
Order 1: UE applies UL grant: 2000 (can serve both Type A and Type B) at first, then DRB3 consumes 500 (PBR reached!), and DRB4 and DRB5 consumes 750 respectively. The updated data status in bucket for DRB3/4/5 is: {500, 2250, 1250}.
Secondly, UE applies UL grant: 4000 (only for Type A), then DRB4 consumes further 250 (PBR reached!); DRB5 consumes further 250 (PBR reached!). The updated data status in bucket for DRB3/4/5 is: {500, 2000, 1000}. Since there is still 3500 UL grant (only for Type A) unconsumed, hence DRB4 consumes further 2000 and DRB5 consumes further 1000, leaving 500 UL grant unconsumed and wasted. The final data status in bucket for DRB3/4/5 is: {500, 0, 0}. It is obviously inefficient that some part of UL grants cannot be consumed meanwhile some DRB still has pending data in its bucket.
Order 2: UE applies UL grant: 4000 (only for Type A) at first, then DRB4 consumes 1000 (PBR reached!), and DRB5 consumes 1000 (PBR reached!). The updated data status in bucket for DRB3/4/5 is: {1000, 2000, 1000}. Since there is still 2000 UL grant (only for Type A) unconsumed, hence DRB4 consumes further 1000, and DRB5 consumes further 1000. The updated data status in bucket for DRB3/4/5 is: {1000, 1000, 0}.

Secondly, UE applies UL grant: 2000 (can serve both Type A and Type B), then DRB3 consumes 500 (PBR reached!). The updated data status in bucket for DRB3/4/5 is: {500, 1000, 0}. Since there is still 1500 UL grant (can serve both Type A and Type B) unconsumed, hence DRB3 consumes further 500 and DRB4 consumes further 1000. The final data status in bucket for DRB3/4/5 is: {0, 0, 0}. With order 2, all UL grants are consumed completely meanwhile all DRBs flush all pending data in their buckets. Hence Order 2 is much better than Order 1.
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Figure 1

We may repeat above “LCP game” with different parameter settings:
In Figure 2 below, assuming UE is configured with Pcell + LAA Scell and three DRBs in parallel, and at certain TTI, UE receives one UL grant: 3000 from Pcell and another UL grant: 2000 from LAA Scell simultaneously. UE may apply the two UL grants in two different orders.

Order 1: UE applies UL grant: 3000 (can serve both Type A and Type B) at first, then DRB3 consumes 1000 (PBR reached!), and DRB4 and DRB5 consumes 500 and 1000 respectively (PBR reached!). The updated data status in bucket for DRB3/4/5 is: {1000, 2500, 1000}. Since there is still 500 UL grant (can serve both Type A and Type B) unconsumed, hence DRB3 consumes further 500. The updated data status in bucket for DRB3/4/5 is: {500, 2500, 1000}.

Secondly, UE applies UL grant: 2000 (only for Type A), then DRB4 consumes further 2000. The final data status in bucket for DRB3/4/5 is: {500, 500, 1000}.
Order 2: UE applies UL grant: 2000 (only for Type A) at first, then DRB4 consumes 500 (PBR reached!), and DRB5 consumes 1000 (PBR reached!). The updated data status in bucket for DRB3/4/5 is: {2000, 2500, 1000}. Since there is still 500 UL grant (only for Type A) unconsumed, hence DRB4 consumes further 500. The updated data status in bucket for DRB3/4/5 is: {2000, 2000, 1000}.

Secondly, UE applies UL grant: 3000 (can serve both Type A and Type B), then DRB3 consumes 1000 (PBR reached!). The updated data status in bucket for DRB3/4/5 is: {1000, 2000, 1000}. Since there is still 2000 UL grant (can serve both Type A and Type B) unconsumed, hence DRB3 consumes further 1000 and DRB4 consumes further 1000. The final data status in bucket for DRB3/4/5 is: {0, 1000, 1000}. With above two different UL grant applying orders, the final bucket status is different, but with order 2, at least DRB3 with the highest priority =2 can flush all its data. Hence Order 2 is a bit better than Order 1.
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Figure 2

With above examples, we can conclude that in some cases at least, UE had better apply the UL grants received from LAA Scells at first, because they can be only used for Type A logical channels; after that UE starts applying the UL grants received from normal licensed serving cells in the same TTI, which can be used for both Type A and Type B logical channels. In order to guarantee the UL resource efficiency and simply UE handling, we propose to mandate above UE handling during LCP in all cases.
Proposal 1: UE shall apply the UL grants received from LAA Scells before applying the UL grants received from licensed serving cells in the same TTI during LCP.
3 Conclusion

In this contribution, we discussed LCP modification for LAA Scell and RAN2 is kindly asked to consider following proposals:
Proposal 1: UE shall apply the UL grants received from LAA Scells before applying the UL grants received from licensed serving cells in the same TTI during LCP.
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