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1 Introduction

At RAN1#51-bis, RAN1 considered the issue of uplink coverage for LTE, based on the LS from RAN2#60 [1]. Based on discussion and performance studies in [2,3,4], RAN1 considered two solutions to improve the uplink coverage for LTE as described in a draft  reply LS [5]. The two proposed solutions make use of subframe bundling to improve uplink coverage. In this contribution we discuss possible implications of the subframe bundling solutions on the standards specification.

2 Two Alternatives considered for Subframe Bundling
The two alternatives for subframe bundling considered in the draft reply LS [5] are illustrated in Figures 1 and 2 and described below.
Alternative 1 

· Timing relation between the last subframe in the bundle and the generation of ACK/NACK is the same as the case of no bundling

· In order not to change the minimum processing time requirements at the eNB, the retransmission of a bundle takes place 16ms later, which doubles the current HARQ round-trip-time
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Figure 1: Alternative 1 of bundling for FDD.
Alternative 2 

· Timing relation between the first subframe in the bundle and the generation of ACK/NACK is the same as the case of no bundling

· The retransmission of a bundle takes place 8ms after the previous transmission, which maintains the current HARQ round-trip-time.
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Figure 2: Alternative 2 of bundling for FDD.
3 Impact of Subframe Bundling on Standards Specifications

Given that subframe bundling corresponds to a longer TTI length, the impact on standards specifications needs to be considered carefully. 
3.1 HARQ RTT

With alternative 1, the effective HARQ RTT is doubled from 8 ms to 16 ms, which may have some impact on higher layers. For the RAN1 specifications, the different retransmission timing for alternative 1 needs to be captured. There is no change of HARQ RTT with alternative 2.

3.2 ACK/NAK timing

To avoid extra PHICH overhead and to avoid an increased ACK/NAK error rate from sending multiple ACK/NAK in response to a subframe bundle, the two alternatives provide only one ACK/NAK for the entire subframe bundle. However, it needs to be captured in Section 10.2 of TS36.213 from which subframe the ACK/NAK is derived from. For alternative 1, the ACK/NAK timing is given as “last subframe in a subframe bundle + 4”, for alternative 2, the ACK/NAK timing is given as “first subframe in a subframe bundle +4”.
3.3 ACK/NAK linkage to Uplink Transmissions
There have been two candidates mentioned at the RAN1 reflector for the ACK/NAK resource indication:
1) PHICH is linked to the first CCE in PDCCH

2) PHICH is linked to the first RB used in the uplink transmission

For alternative 2 of the subframe bundling, both candidate solutions for ACK/NAK resource indication are possible. 
For alternative 1 of the subframe bundling, however, candidate solution 1 needs to be modified since there is no separate scheduling grant associated with the additional subframes in a subframe bundle. Anyway, the same applies for persistent allocations and retransmissions without scheduling grant. In particular, the ACK/NAK linkage to uplink transmissions needs to be designed in a generic way to also account for persistent allocations and retransmissions without scheduling grant. The solution that will be selected can then also be applied to alternative 1 of the subframe bundling (ACK/NAK linked to the last subframe in a subframe bundle). 
3.4 Potential Collisions of a subframe bundle

As with any other non-scheduled PUSCH retransmission, there is a possibility that the non-scheduled retransmission of a subframe bundle may collide with (a) PRACH resources or (b) persistent allocations. It has been agreed at RAN1#51bis that no special UE behavior is defined in case (a) of collisions with PRACH and either new transmissions or adaptive retransmissions on different PRBs may need to be signalled to the UE in case of collisions. In case of collisions with persistent allocations, either new transmissions or adaptive retransmissions on different PRBs need to be signalled as well. It is assumed that the same applies for subframe bundles, there is no need to specify any specific behavior.

It may be noted that for alternative 1 it is disadvantageous to schedule UEs with 8 ms HARQ RTT in the “unused 8 ms gaps” created from UEs with 16 ms HARQ RTT from subframe bundling on the same PRBs. In such a scenario, the non-scheduled retransmissions of UEs with 8 ms HARQ RTT would always collide with the UEs employing subframe bundling. 
3.5 Frequency hopping in case of subframe bundling

Frequency hopping has been agreed in the way forward R1-075086 as follows:

· When grant is present, follow the grant

· When grant is absent, follow the hop defined in the initial grant or the predefined cell specific hopping pattern
The same principle can be applied in the case of subframe bundling, whereby the scheduling grant applies to the first subframe and consecutive subframes are treated as non-scheduled retransmissions.
a) In the case of intra- and inter-subframe frequency hopping, it seems that no specific behavior for subframe bundling needs to be specified.

b) In the case of pattern based inter-subframe frequency hopping, the subframes in a subframe bundle would simply follow the hopping pattern.

c) In the case of inter-subframe frequency hopping based on the scheduling grant information, the frequency hopping behaviour is described as FFS in the way forward R1-075086. However, instead of applying any grant based inter-subframe frequency hopping to retransmissions that are 8 ms apart, the grant based inter-subframe frequency hopping could apply to every subframe transmitted as part of a subframe bundle and its retransmissions. 
3.6 Higher Layer configuration

For UE specific subframe bundling, a higher layer configuration (RRC configuration) needs to be defined for switching on/off the bundling per UE as also indicated in [5]. Depending on whether the number of bundled subframes is a configurable or a fixed value, RRC signaling needs to include either the number of bundled subframes or simply an indicator for switching on/off subframe bundling.

For the UEs employing subframe bundling, the maximum number of retransmission may be different from the one for UEs not employing subframe bundling since not only packet delay consideration need to be taken into account but also the constraints introduced by limiting the available TTIs for new transmissions and the packet inter-arrival time. RAN2 agreed that a maximum number of HARQ re-transmissions is configurable per UE, but re-configuration of this parameter has not yet been discussed. 
When RRC signalling reconfigures subframe bundling at the UE side, the MAC and Physical layers have to be informed about the new HARQ configuration, so that the changes described in the previous sections can be accounted for.
4 Conclusion
While subframe bundling is effectively increasing the TTI length of 1 ms, we have not identified any major issues with this approach.
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