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1. Introduction
The Work Item on Voice and Video enhancements includes the following objective tasking RAN1 to evaluate bundling enhancements: 

a. Specify asynchronous UL HARQ transmission, bundle hopping enabling multi-subframe channel estimation, and different repetition levels for the UEs with Category 0 and above (RAN1, RAN2)
i. Strive for a solution that is as similar as possible to PUSCH solution in CE mode A

1. Decide maximum bandwidth [RAN1]

2. Support scheduling by PDCCH and EPDCCH

ii. No further coverage enhancements are done for other channels (e.g.  no repetition etc. for other channels than PUSCH).
In RAN1#86b the following agreements were reached:

Agreements:

· HARQ process ID of PUSCH is indicated in DCI

· Re-use the eMTC repetition scheme, i.e.: 
· Support numbers of repetitions for PUSCH not larger than X 

· FFS the value of X considering the relaxed delay budget, and X may be different from the largest value in eMTC
· A set of [4 or 8 (TBD)] numbers of repetitions are configured by RRC signalling of the maximum number of repetitions
· The number of repetitions of PUSCH is indicated in DCI

· Re-use eMTC frequency hopping scheme, i.e.: 
· The frequency domain hopping offset and the time domain hopping interval are cell specific

· The time domain hopping interval is configured as one of

· {1, 2, 4, 8} subframes for FDD

· {1, 5, 10, Y} subframes for TDD, where Y is TBD after deciding the value of X

· FFS: values of frequency domain hopping offset
In this contribution, we give our view on this topic. 
2. Discussion on further coverage enhancement

The Rel-12 coverage enhancements Study Item and Work Item concluded that the VoLTE coverage limitation was mostly due to the UL and a method providing 1dB UL enhancement was introduced. 

The Rel-12 HARQ RTT change ensures that the UE can continuously transmit three HARQ interlaces with 4 subframe TTI bundling. This is shown in Figure 1 below.  With this, the UL duty cycle is already close to 100%, therefore there is limited room for further improvements in the UL.   
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Figure 1  Rel-12 HARQ RTT
The Voice and Video enhancements Work Item further includes investigating rate selection, asynchronous HARQ and other codec improvements.  As a result, some power control changes could prove beneficial.  Therefore, we propose the following: 
Proposal 1: For enhanced rate selection and flexible scheduling, consider introducing enhancements to closed loop power control if the additional complexity and impact can be justified.  

3. Configuration of “VoLTE mode”

The introduction of asynchronous HARQ and bundled operation in Rel-14 may be supported only by a subset of the UEs (either legacy UEs or Rel-14 UEs that do not support this operation). Thus, random access procedures should remain unchanged, and only after the UE reports the capability to support this type of operation the eNB can configure it (via RRC reconfiguration) to operate in asynchronous HARQ mode.

Proposal 2: Initial cell access follows Rel-13 procedure. After the UE communicates its capability to support “VoLTE/video enhancements”, the eNB may configure it in the new mode.

4. Search space and HARQ operation

Asynchronous HARQ operation in the uplink is currently supported in eMTC and eLAA. However, one major difference of with respect to these two is that eMTC and eLAA always operate in async mode, while VoLTE enhancement UEs may start with synchronous HARQ, and later move to asynchronous HARQ.

Additionally, in current LTE a UE monitors DCI 0/1A in the common search space, regardless of the transmission mode configuration. This allows the eNB to always have the possibility to communicate with the UE, even in cases where the UE may have missed an RRC reconfiguration. For the async mode operation, the UE needs to monitor a new DCI (e.g. DCI 0A), but it may be useful for the eNB to still keep the DCI0 monitoring for fallback operation. Thus, the UE shall monitor for DCI0 in CSS (as legacy), and a new DCI 0A in the UE specific search space, which includes HARQ ID.

Proposal 3: When configured with VoLTE/video enhancements, the UE monitors the following:

· In the common search space, DCI0 (without HARQ ID) and DCI1A. These two grants have the same size

· In the UE specific search space, DCI0A (with HARQ ID) and DCI1A. These two grants have the same size.
In this sense, it is possible for the eNB to issue grants in CSS and USS. One problem is that the DCI0 does not contain HARQ ID, so some additional mechanism has to be defined if it is desired to share HARQ processes between both grants (e.g. being able to trigger a retransmission in CSS for an initial transmission in USS). We propose to assign a HARQ ID implicitly to each “synchronous HARQ interlace”, e.g. for FDD the HARQ interlace corresponding to PUSCH transmissions in subframe n is n mod 8.

Proposal 4: In order to enable retransmissions for async HARQ to be triggered from the CSS, assign an implicit HARQ ID to every PUSCH transmission triggered by the CSS (e.g. n mod 8, with n the subframe used for PUSCH transmission).

5. SPS enhancements

One of the characteristics of voice and video is that the traffic pattern can be predetermined by the network, e.g. for VoLTE a packet is generated every 20ms. With this knowledge, SPS can be used to reduce the control overhead and avoid transmission errors due to control decoding. Additionally, with the asynchronous HARQ operation, the eNB can request additional retransmissions between the SPS occasions by indicating the corresponding HARQ process. For example, consider the example for LTE with a 20ms packet generation periodicity and 80ms delay budget. The eNB can configure SPS with a periodicity of 20ms using 4 HARQ processes as follows:

· 0ms: HARQ#0

· 20ms: HARQ#1

· 40ms: HARQ#2

· 60ms: HARQ#3

· 80ms: HARQ#0

· …

This way, the initial transmission of each packet happens with low overhead due to SPS operation, and between the SPS transmission asynchronous retransmissions may be triggered for the other packets.

Proposal 5: Allow for multiple HARQ processes for the same SPS process. 
6. Preemptive retransmission

One of the problems of using large bundle sizes (e.g. 8 subframes for PUSCH) is that the eNB scheduler has to commit in advance to allocating all these resources to a single user. If later on (e.g. 4ms later) a higher priority traffic is seen, the eNB doesn’t have any way to avoid the transmission for the first UE. One way to avoid this is to allow for preemtive retransmissions, i.e., to allow for the eNB to trigger a retransmission of the same HARQ process before receiving the first transmission. This operation is depicted in Figure 2.

Proposal 6: Enable preemptive retransmissions of PUSCH (triggering a PUSCH retransmission before processing the previous transmission) to enable flexible eNB scheduling.
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Figure 2 Preemptive retransmission of PUSCH: the eNB triggers a PUSCH retransmission before processing the first one.
7. Conclusions

In this contribution, we discussed the options for further Voice and Video enhancements.  The following proposals have been made: 
Proposal 1: For enhanced rate selection and flexible scheduling, consider introducing enhancements to closed loop power control if the additional complexity and impact can be justified.  

Proposal 2: Initial cell access follows Rel-13 procedure. After the UE communicates its capability to support “VoLTE/video enhancements”, the eNB may configure it in the new mode.

Proposal 3: When configured with VoLTE/video enhancements, the UE monitors the following:

· In the common search space, DCI0 (without HARQ ID) and DCI1A. These two grants have the same size

· In the UE specific search space, DCI0A (with HARQ ID) and DCI1A. These two grants have the same size.
Proposal 4: In order to enable retransmissions for async HARQ to be triggered from the CSS, assign an implicit HARQ ID to every PUSCH transmission triggered by the CSS (e.g. n mod 8, with n the subframe used for PUSCH transmission).

Proposal 5: Allow for multiple HARQ processes for the same SPS process. 
Proposal 6: Enable preemptive retransmissions of PUSCH (triggering a PUSCH retransmission before processing the previous transmission) to enable flexible eNB scheduling.
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