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1.
Introduction
In the previous meeting RAN2 agreed to include Contention Based (CB) access as one possible improvement to reduce user-plane latency for Rel-10 (see [1]). In this document we attempt to progress the discussion a little by addressing the subject of retransmissions.
2. On the need for retransmissions
Earlier contributions have already discussed mechanisms to support retransmissions for Contention Based access[5], [7]. We would like to take a step back to discuss if there is an actual need for retransmissions, and decide on that first.

For unicast PUSCH, hybrid ARQ is used to achieve a certain MAC SDU loss rate. Much depends on the HARQ operating point and the maximum number of allowed retransmissions. The design target for LTE was a packet loss rate of approximately 10-3  after HARQ (see [3]). 
One option is to design Contention Based as a ‘single shot’ mechanism, where the UE would perform one transmission for a PDU. The eNB hopefully receives the Transport Block, but the eNB would not send ACK / NACK feedback and the UE would discard the (HARQ) buffer after the first transmission.
The primary cause of transmission errors in CB access would be the collision probability. In general, allowing a higher collision probability would enable more UEs to make use of Contention Based access, or alternatively, the eNB needs to reserve fewer uplink resources for CB grants. So we think that Contention Based access should be usable up to a collision probability in the range of 10% or maybe even 20%. For a single-shot contention based transmission mechanism, this would result in a packet loss of 20%. 
When introducing contention-based PUSCH access, impact to higher layers (e.g. RLC) must be minimized. From a general protocol design perspective, it is desirable that whether a unicast or a broadcast uplink transmission method is used on L1, should not be visible to higher layers. Analyzing this per RLC mode:

· for RLC UM and TM, the loss rate at the MAC layer is directly visible to PDCP and the application. 
· for RLC AM, the loss rate at the MAC layer is visible to the RLC procedures.

So if Contention Based access would be used as a ‘single shot’, this loss rate would be exposed to the higher layers – i.e. 20% instead of 10-3 . We have concerns that current RLC procedures may not be able to cope with that loss rate without additional changes. For example, if the uplink packet happens to be an RLC status PDU, which carries feedback for multiple received transport blocks, then there is a 20% probability that the feedback gets lost. Also, if the uplink PDU is the last PDU in the UE’s buffer then it would include a poll. If the poll is lost, the eNB will not immediately send an RLC status PDU. These loss probabilities will likely be much higher than originally anticipated in the RLC design. In any case exposing RLC to these higher loss rates would mean more work to analyze, discuss, and standardize solutions.
Therefor we would prefer to design CB access such that the loss rates exposed to RLC are similar to the loss rates for unicast PUSCH access. So the first thing we would like to establish is that it would be desirable that MAC data transfer service utilizing contention-based access would be able to offer the same MAC SDU loss rate as data transfer service utilizing unicast PUSCH access. 
Proposal 1:
MAC data transfer service utilizing contention-based access should be able to offer the same MAC SDU loss rate as data transfer service utilizing unicast PUSCH access.
To achieve a similarly low loss rate, a number of alternatives are possible:
1. the network could ensure that the collision rate would be sufficiently low (i.e. in the order of 10-3 according to the original design target of LTE) so that only one transmission is sufficient;
2. a retransmission mechanism is provided such that even with higher collision probability, still a lower MAC SDU loss rate can be achieved.
It would be very costly resource-wise to select an MCS operating point and a design collision probability such that the resulting packet loss rate would be in the order of 10-3.  Therefor it seems desirable to provide a retransmission scheme for Contention Based access. Hence we propose:
Proposal 2:
For Contention Based access a simple retransmission mechanism is introduced to ensure sufficient reliability.
The solution should meet the following requirements:

· minimize the changes to MAC and physical layer compared to Rel-8 specifications;

· no changes to higher layer specifications;

· retransmission should be fast, since the goal of Contention Based access is to minimize dormant-to-active latency;
· the mechanism should be very simple.

Several options can be thought of:

1. a simple retransmission scheme without HARQ combining (i.e. a simple ARQ, using PHICH feedback)
2. perform retransmissions on a dedicated resource, obtained through D-SR;

3. a retransmission scheme that enables HARQ soft-combining at the eNB;

4. a retransmission scheme that reuses RLC retransmission procedures.

Option 1 would consist of the following behavior:

· when creating a PDU for transmission in a CB grant, the UE adds the C-RNTI MAC CE
· the UE monitors PHICH for ACK / NACK

· if the UE does not read an ACK, it selects a new random CB grant and retransmits the transport block

· the CB grant for the retransmission could be selected from the CB grants available in that subframe and / or one or more next subframes, much like the RACH resource selection in TDD

· the retransmission would be made asynchronous to the initial transmission (i.e. not necessarily exactly 8 subframes after the initial transmission)
· if the UE does read an ACK, the transmission was succesful

· some limitations as to the maximum number of retransmissions and possibly backoff time could apply

In case of collisions, the UEs participating in the collision will retransmit on a (likely) different resource to avoid a collision during the retransmission.

For option 2, the behavior would be:

· the eNB configures D-SR resources next to providing CB grants

· the UE transmits the MAC PDU in the CB grant, and also triggers an SR

· if the UE received NACK, it retransmits the same transport block in the grant following the SR

· if the UE received ACK, it transmits another transport block in the grant following the SR

The disadvantage of this option is that the get sufficient reliability, the eNB must always configure PUCCH resources for UEs participating in Contention Based access. So although this would be a simple solution to implement retransmissions with HARQ combining, this would reduce the resource efficiency of CB access due to the cost of PUCCH resources. 
Option 3 has many elements that are also in option 1 and 2, but the intention is to enable HARQ soft-combining of transport blocks that are all transmitted in CB resources. This is not the first time that RAN2 is discussing HARQ soft-combining for synchronized contention access. In the past, the conclusion from RAN1 on the usability of HARQ soft-combining in the presence of collisions was “its [HARQ’s] overall success rate in resolving contention is not good” (see the answer to Question 7 in [4]). Still there are benefits to be had from HARQ combining, so in the following we investigate what the costs of supporting it are.
Taking Rel-8 as a starting point, there are two mechanisms for retransmissions: adaptive and non-adaptive.
· non-adaptive retransmission: for CB access, this would imply that the UE retransmits 8 subframes after the initial transmission on the same resource, when it does not receive an ACK on a HARQ feedback channel. If the failure by the eNB would be due to a collision of two UEs, then both UEs would attempt to transmit again after 8 subframes on the same resource, causing another collision and very likely undecodable data. So this appears a not so attractive solution.
· adaptive retransmission: here the UE would be assigned a dedicated resource for the retransmission, to avoid a collision on the retransmission. How to signal the resource for the retransmission would have to be further studied.

Although other retransmission mechanisms could be devised, this would require more changes to L1 specifications. However in the Latency Reduction work item description it is requested to minimize the impact to L1 specifications (see [6]) so we do not consider alternative  retransmission mechanisms that are not based on Rel-8 procedures.

For option 4 we believe current RLC procedures are not sufficiently fast to maintain the low latency target that is, after all, the objective of Contention Based access. Additional changes to the RLC specification could speed up retransmissions, however this could require RLC to behave differently for PDUs transmitted over a contention based resource (e.g. apply different timers, thresholds, or counters). This would require more standardization effort.
From these four options, our preference would be option 1 or otherwise option 2. If there is a simple way to signal the adaptive retransmission resource for option 3 we would be in favor of that option as well. Option 4 seems to be the least attractive due to the increased latency and higher standardization efforts. 
Our proposal is:
Proposal 3:
RAN2 takes the above considerations into account when discussing how a retransmission scheme would work for Contention Based access. 
5. Conclusion

Our proposals:
Proposal 1:
MAC data transfer service utilizing contention-based access should be able to offer the same MAC SDU loss rate as data transfer service utilizing unicast PUSCH access.
Proposal 2:
For Contention Based access a simple retransmission mechanism is introduced to ensure sufficient reliability.
Proposal 3:
RAN2 takes the above considerations into account when discussing how a retransmission scheme would work for Contention Based access. 
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