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1 Introduction

A “Duration” field is mentioned as possible part of the Uplink Scheduling Grant in the agreed document R1-073870 [1]. Whether this field is needed or not depends on the decisions for scheduling by RAN2. This contribution discusses various ways of defining a scheduling “duration” and the corresponding control signaling overhead.
2 Motivation for a Scheduling Duration Field
2.1 Relevant Scenarios

It has been shown as part of the performance verification effort that VoIP packets need to be segmented into even smaller packets in some difficult propagation scenarios, e.g. case 3. A companion paper discusses the benefits from segmentation in more detail and includes relevant simulation results [3]. The resulting smaller packets can then be transmitted through separate HARQ processes. Fig.1 shows the principle of segmenting the VoIP packet into two parts, whereby we assume for this example optimized header sizes consisting of  8 bits for the MAC header and 8 bits for the RLC header only.

[image: image9.bmp]
[image: image2]
Figure 1: VoIP packets (a) without segmentation and (b) with segmentation into two smaller packets

Segmentation has the advantage that UE power limitations can be avoided that would occur otherwise when the UE is transmitting the packet within one subframe only. The same issue is addressed in a recent contribution by Ericsson in R2-073218 [2]. While the standards allows for segmentation of VoIP packets into even smaller packets, there is significant overhead introduced from (i) scheduling the smaller packets in different HARQ processes and (ii) introducing header and CRC information for these processes separately, as shown in Fig.1. The same issues exist, although less pronounced, when the UE has to transmit larger transport block sizes. 
2.2 Reduction of PDCCH overhead
PDCCH resources are quite scarce. In particular, only 1-3 OFDM symbols per subframe are available for PCFICH, PHICH and PDCCH. The limited resources available for uplink and downlink scheduling grants cause a limitation for the throughput and the number of users that can be scheduled within one particular subframe. To mitigate this limitation, persistent scheduling has been introduced by RAN2. Similarly, introduction of a time duration field in the scheduling grant can substantially reduce the PDCCH overhead by avoiding repetitive scheduling grants when a UE is using multiple subframes for transmitting a transport block.

Figure 2 shows the scenario when a particular UE transmits two consecutive subframes. For every subframe, a scheduling grant is required, unless the scheduling grant includes a duration field for the allocation. Fig. 3 shows that the duration field can avoid repetitive scheduling grants in this scenario. 
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Figure 2: UL transmission of two consecutive subframes without Duration field in the Scheduling Grant
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Figure 3: UL transmission of two consecutive subframes with Duration field in the Scheduling Grant

2.3 Reduction of L2 overhead

As shown in Fig.1, 16% additional overhead has been introduced from segmentation into two smaller packets due to the additional MAC header, RLC header and CRC. By redefining the transmission to correspond to only one HARQ process, this overhead can be avoided as shown in Fig.4.
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Figure 4: Segmentation into two parts belonging to the same HARQ process
The redundacy version is increased autonomously across multiple subframes without waiting for ACK/NACK feedback. There is a possibility that the code rate might be larger than 1 for the first subframe, but decoding becomes possible at the eNodeB as soon as the code rate becomes less than or equal to 1 (including CRC as information bits in this definition). 

It may be noted that one CRC implies that only one ACK/NAK will be transmitted for multiple subframes. This is identical to the proposal by Ericsson in [2] for bundling of TTIs and essentially corresponds to a longer TTI length which is configurable by the time duration field in the scheduling grant.
3 Possible Definitions of the Scheduling Duration
There are various ways of defining the scheduling duration field as part of the uplink scheduling grant. In particular, we discuss (a) what subframes scheduling duration should be applied to, (b) what is the maximum number of subframes that could be described with the scheduling duration, and (c) the number of HARQ processes when employing a scheduling duration larger than one.

3.1 Applicability to consecutive subframes or spaced subframes
A scheduling duration larger than one could allocate multiple consecutive subframes or multiple subframes with a certain spacing. Allocating multiple subframes with a certain spacing benefits from having more time diversity. However, the spacing also introduces a larger latency with HARQ processing and makes scheduling more complicated. We prefer to address only consecutive subframes with a scheduling duration larger than one. If it is desired to address multiple subframes with a certain spacing, this could be configured with RRC.
3.2 Single HARQ process or multiple HARQ processes

When scheduling multiple subframes with a single scheduling grant, the multiple subframes could belong to multiple HARQ processes or to a single HARQ process. Multiple HARQ processes allow for a simple HARQ processing and timing without modifications. However, multiple HARQ processes also imply additional overhead for transmission of ACK/NAK on PHICH and additional overhead from header and CRC information, as seen by comparing Fig.4 with Fig.1b. To reduce the physical layer and L2 control signalling overhead, we prefer to use a single HARQ process with a scheduling duration larger than one.

3.3 Applicability to first transmission and retransmissions

A scheduling duration larger than one could allocate multiple subframes for the first transmission only, or for the initial transmission and every retransmission. Allocating multiple subframes for the first transmission only and allocating one subframe for the retransmission benefits from having smaller granularity in the power budget over HARQ retransmissions at the expense of additional latency. However, timing for HARQ and UE/eNodeB processing for initial transmission and retransmissions would be different. We prefer to use multiple subframes with a scheduling duration larger than one in the initial transmission and the HARQ retransmissions as well.
3.4 Length of the Scheduling Duration
The additional number of bits required in the uplink scheduling grant for describing the scheduling duration should be kept as small as possible, thus also limiting the number of subframes addressable with the scheduling duration. In an example given in [2], a maximum scheduling duration of 4 subframes is considered “reasonable”. We have also observed in system simulations with case 3 propagation scenarios that a scheduling duration of up to 4 subframes yields the best performance.  

We prefer to define in the uplink scheduling grant a duration field with 2 bits, addressing 1-4 subframes with one scheduling grant.
4 HARQ Processing with Scheduling Duration
It is important that any time duration of the scheduling grant does not affect the UE or eNodeB processing time. In this Section, we show 3 alternatives that avoid a reduction of the processing time.

4.1 ACK/NAK per subframe

Fig.5 shows the straightforward approach, whereby one ACK/NAK per subframe is transmitted. This technique has the disadvantage that the number of ACK/NAK transmitted is higher than required. It may be noted that the first NAK may cause a retransmission, which would not be required when the second subframe has been decoded successfully. There is a possibility that the code rate might be larger than 1 for the first subframe, in which case the first subframe will always cause a NAK to be transmitted. 
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Figure 5: ACK/NAK per subframe
4.2 ACK/NAK for first subframe only

Fig.6 shows the approach, whereby ACK/NAK is only transmitted for the first subframe of the allocated scheduling duration. Reducing the number of ACK/NAK transmissions reduces the control signalling overhead on PHICH and also reduces the error probabilities of receiving a ACK when NAK was transmitted and vice-versa. This technique has the disadvantage that the first NAK may cause a retransmission of the entire allocated scheduling duration, which would not be required when one of the later subframes has been decoded successfully. There is a possibility that the code rate might be larger than 1 for the first subframe, in which case the first subframe will always cause a NAK to be transmitted. 
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Figure 6: ACK/NAK only for first subframe per allocated scheduling duration 
4.3 ACK/NAK for last subframe only

Fig.7 shows the approach, whereby ACK/NAK is only transmitted for the last subframe of the allocated scheduling duration. Reducing the number of ACK/NAK transmissions reduces the control signaling overhead on PHICH and also reduces the error probabilities of receiving a ACK when NAK was transmitted and vice-versa. 

To maintain the minimum processing time for UE and eNodeB, the retransmission timing needs to be delayed, corresponding to a longer HARQ RTT for this case. To preserve the same time grid as the initial transmission, it may be advantageous to delay the retransmission by an entire HARQ RTT, which is also proposed in [2].  This technique has the disadvantage of a larger latency though. 


[image: image8]
Figure 7: ACK/NAK only for last subframe per allocated scheduling duration
5 Usefulness of Scheduling Duration for the Downlink Allocation
There is a compact scheduling grant format agreed for the downlink that bears some similarity with the uplink scheduling grant format. In particular, a scheduling duration agreed as part of the uplink scheduling grant would also lend itself to a similar definition for the downlink scheduling grant. 
We consider the duration field also useful as part of all downlink scheduling grants since it could reduce PDCCH overhead and provides additional flexibility with the scheduling decisions. However, it may be noted that implicit allocation of ACK/NAK resources on PUCCH becomes more difficult with the time duration field in the scheduling grant. Alternatively, the ACK/NAK resources could be signalled explicitly, either as part of the scheduling grant or as a field multiplexed in the physical downlink shared channel (PDSCH). In the latter case, a field in PDSCH is introduced, which is done in each subframe for the next subframe in repeating fashion. Therefore, a “mini-persistent allocation” could be realized without much overhead.
6 Summary
It is proposed to have a 2 bits time duration field in the scheduling grant, corresponding to the number of consecutive subframes allocated with one scheduling grant. The redundancy version is increased autonomously across multiple subframes within the scheduling duration. It may also be desirable to choose one of the options for reduced ACK/NAK feedback in case of a scheduling duration longer than 1 subframe.
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