3GPP TSG-RAN WG2 Meeting #91
R2-153294
Beijing, China, August 24-28, 2015

Agenda item:
7.11
Source: 
Intel Corporation
Title: 
Protocol impact of fast uplink access solution for latency reduction 
Document for:
Discussion
1. Introduction

RAN#67 approved a new Release 13 Study Item on Latency reduction techniques for LTE [1]. One of the RAN2 aspects of the SI is to reduce UP latency for the scheduled UL transmission and to get a more resource efficient solution, both with and without preserving the current TTI length and processing times. 

In this contribution, we discuss the protocol impacts from different fast uplink access solutions for latency reduction. 
2. Discussion
In current LTE, assuming that the UE is in connected mode/synchronized to the network and SR is configured (i.e., not requiring RACH procedure), UE which needs to initiate UL data transmission sends a scheduling request after waiting for next SR opportunity, to which the network responds with a UL scheduling grant. Then the UE uses this grant for UL data transmission.

The SR related steps make up the dominating part in overall RAN latency regardless of the TTI duration and UE/eNB processing times as shown in [2] [3]. Hence it is important to consider methods to reduce/remove the SR/BSR and UL grant related latency as described in the sections below. 
2.1. SR/BSR-less resource allocation
To get rid of the SR/BSR transmission related delays, eNB can schedule a UE and provide UL grant without requiring the UE to send SR/BSR. This can be done by following existing SPS approach with minimal specification impacts (e.g. by introducing short periodicity). Alternatively, eNB can provide dynamic UL grants to a UE in a relatively frequent manner to reduce latency, based on implementation specific criteria, e.g. the estimation of UE traffic pattern etc. This may not require major specification changes but the disadvantage of this approach is that as the number of UEs in a cell becomes large, the DL control overhead caused by frequent UL grants will be large. 

Regardless of the SPS or the dynamic UL grant approach, since explicit SR/BSR is removed, it is difficult for the eNB to know accurately the buffer status of a UE. This may cause the allocated UL resource to be under-utilized if the UE does not have sufficient data to transmit compared to the allocated resource. One way to mitigate resource wastage, especially when a large number of UEs is to be supported, is to assign the same UL resources to multiple UEs and rely on random traffic patterns of different UEs to statistically multiplex the utilization of the ‘shared’ resources. The main issue in this case is how to handle the situation when collision occurs. Contention resolution aspect is further discussed in Section 2.3.
If multiple UEs can share the same allocated UL resources, then one possible signalling enhancement is to introduce a group UL grant where a single UL grant is sent to a group of UEs. However, this approach has RAN1 impact as group identifier (e.g., group RNTI) may need to be introduced to send DCI to a group of UEs. In addition, PHICH resource mapping should be modified to indicate HARQ-ACK to a transmitting UE in the group. Furthermore, RRC (re)configuration may be required to create such group.  Member addition, removal and update process for group management will need to be defined.   

Alternatively, contention based PUSCH resource may be configured by RRC instead of using UL grants. One way is to re-use SPS approach, where the network configure SPS for multiple UEs using the same UL resources. This approach not only remove the delay due to SR, but also remove the delay due to UL grant transmission and processing. While this approach is less dynamic than the eNB sending group UL grants, the resource allocation configuration can be updated as required.
Observation 1. Various methods for eNB to signal UL resource allocation to the UE are possible for UL resource allocation without SR/BSR. 

Observation 2. RRC configuration, SPS-like scheduling and dynamic UL grant by the eNB are expected to have none or minimal standards impact. 

Observation 3. Group UL grant based solution requires some changes in PHY layer specification, e.g. group RNTI. 
2.2. Uplink data transmission 
Since the eNB allocates resource without BSR information, the UE may not have data to send although UL resource is allocated. 

In case of non-contention based uplink transmission (i.e. dedicated UL resource is allocated to each UE), there is no major concern for UEs to transmit padding bits even though its buffer is empty, except for UE power consumption and interference issues. In case of contention-based uplink transmission, the UL resources cannot be shared among multiple UEs if the UEs transmit in uplink even when their transmit buffer is empty.  

Therefore, when the same UL resources are allocated to multiple UEs, to reduce collision, for UE power saving and to reduce the interference, when a UE has no data to transmit, the UE should ignore the allocated UL resource instead of sending padding bits and BSR. This requires some MAC specification changes. RRC message to configure the low-latency UE to skip UL transmission when there is no data in the buffer may need to be added. When a UE’s transmit buffer is non-empty, depending on UL resource allocated, the UE can send BSR and/or data without sending SR.
Observation 4. MAC functionality should be modified for the case where there is no uplink data to send. 
2.3. Contention resolution
As described in Section 2.1, multiple UEs may be allocated the same UL resources to transmit PUSCH. In this case, contention can happen.
HARQ performance may be degraded due to collisions in the absence of contention resolution mechanism. For example, for synchronous HARQ in the UL, when eNB sends a NACK, multiple UE will perform HARQ retransmissions at the same time using the same UL resources resulting in repeated collisions. In addition, new transmission can also collide with HARQ retransmissions. Another possible issue is when eNB is able to decode one UL transmission among several contending UL transmissions and responds with an ACK, all other UEs except the one whose transmission was successful may misinterpret the ACK as their own and will stop HARQ retransmission. This will ultimately require RLC retransmission resulting in increased latency, defeating the original objective of latency reduction.
Some MAC layer contention resolution mechanism can be introduced (similar to RACH and RAR; and backoff mechanism). 
Observation 5. Some form of MAC layer contention resolution may be required for contention based UL transmission.

3. Conclusions
In this contribution, we discussed several aspects of skipping SR/uplink grant for fast uplink access scheme. 
Observation 1.
Various methods for eNB to signal UL resource allocation to the UE are possible for UL resource allocation without SR/BSR. 

Observation 2.
RRC configuration, SPS-like scheduling and dynamic UL grant by the eNB are expected to have none or minimal standards impact. 

Observation 3.
Group UL grant based solution requires some changes in PHY layer specification, e.g. group RNTI.

Observation 4.
MAC functionality should be modified for the case where there is no uplink data to send.

Observation 5.
Some form of MAC layer contention resolution may be required for contention based UL transmission.

We propose RAN2 to take the above observations into account to study the potential protocol impact on the fast uplink access scheme. 
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