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1 Introduction

TS 36.300 states that  HARQ will be synchronous with possible adaptivity FFS. No decision has been taken so far by RAN2 on the type of adaptivity for HARQ retransmissions. 

If HARQ retransmissions require an entire uplink scheduling grant transmitted on PDCCH like suggested by [1] and [2], full adaptivity in the PRB allocation, modulation and coding scheme, power setting, redundancy version, as well as Tx antenna selection seems to be feasible. 

One of the main reasons for choosing synchronous HARQ operation in the uplink is the reduced control signaling overhead when compared with asynchronous HARQ operation. However, transmitting  an entire uplink scheduling grant for HARQ retransmissions does not exploit the properties of synchronous HARQ operation and does not reduce the signaling overhead as compared with asynchronous HARQ operation. 

From the above, it seems reasonable to choose either one of the following options:

Option 1:  Remove the scheduling restriction of synchronous HARQ operation in the uplink

Option 2:  Remove adaptivity for UL HARQ transmissions and avoid sending scheduling grants for retransmissions

Option 3: Introduce a mini-scheduling-grant taking advantage of the synchronous HARQ operation in the uplink and reducing the control signaling overhead

We propose option 3, introducing a rather limited adaptivity for uplink retransmissions in the frequency domain, while reducing the signaling overhead for every retransmissions to a few bits only that can be attached to the ACK/NAK information. 




2 Types of Adaptivity in UL

Reasons for introducing adaptivity in uplink are:

· avoids fragmentation in the frequency domain

· allocations can be adapted to channel conditions

· persistent allocations may be easily modified

· may be used to avoid collisions between dynamically and persistently scheduled resources due to synchronous HARQ

To achieve the above benefits, different types of adaptivity can be considered. Time adaptivity is excluded since UL operation is synchronous. Hence, frequency adaptivity may be required for (i) avoiding collisions between dynamically and persistently scheduled resources and (ii) avoiding fragmentation in the frequency domain which creates limitations for scheduling localized allocations. 

Additional adaptivity in the modulation and coding scheme and the power setting may not be required. Adaptivity through Tx antenna selection is applicable for a limited number of UEs only and could be considered as an optimization. In particular, some of these types of adaptivity in the retransmissions could also be pre-configured for a particular UE through RRC, e.g. certain power profiles for retransmissions, toggling the Tx antenna selection over retransmissions for additional diversity, etc.

From the above, we identify frequency adaptivity as the single most important adaptivity mode for uplink HARQ transmissions. 

Frequency diversity can be obtained either per timeslot or per subframe:

· To obtain intra-subframe diversity, intra-subframe frequency hopping could be used, which would require frequency shift information  as part of the UL scheduling grant. In a companion contribution for RAN1 [4] we investigate the issue in more detail, indicating that no more than 3 bits are required in the scheduling grant to describe a suitable frequency shift.

· To obtain inter-subframe frequency diversity, several alternatives are possible. In particular we see three main possibilities:

· a grant for re-transmissions;

· inter-subframe frequency hopping based on a predefined frequency hopping pattern;

· to signal the frequency adaptivity in HARQ retransmissions.

Due to the high overhead with the required scheduling grants for re-transmissions with the first alternative, we focused the analysis on the latter two alternatives. In fact, PDCCH capacity is significantly reduced and may be limiting throughput when each retransmission will require a full scheduling grant resource. The issue is even more severe when persistent scheduling also employs scheduling grants for retransmissions. It may be noted that using a full scheduling grant does not make use of the implicit timing relationship between initial transmission and retransmission of synchronous HARQ. 

We have outlined in [3] problems with the second approach (UE pairing and spectrum fragmentation, compatibility issues with ICIC schemes, RACH resources collision handling) and conclude that the frequency adaptivity in HARQ retransmissions is the best approach to choose. 

3 Signalling of inter-subframe frequency shifts for adaptive HARQ

Frequency shifts for adaptive uplink HARQ can be applied between  

· initial transmission and the following HARQ retransmission

· one HARQ retransmission and the following retransmission

· the positively acknowledged HARQ retransmission and the next initial transmission

According to TS36.300 v8.1.0, Section 9.1, uplink HARQ retransmissions are synchronous, whereby it is FFS whether resource allocation and modulation and coding scheme are adapted for the retransmissions. Inter-subframe frequency shifting can be considered to be part of such an adaptive HARQ scheme.

In particular TS36.300 v8.1.0 specifies in Section 11.1.2 that 

“Retransmissions are either implicitly allocated in which case the UE uses the pre-defined allocation, or explicitly allocated via L1/L2 control channel(s) in which case the UE does not follow the pre-defined allocation.”

Hence, the frequency shifting information has to be signalled explicitly to every UE. While a separate scheduling grant for the retransmissions could be employed, it caused too high overhead and is not considered a feasible approcah. There are then two main possibilities to signal the frequency shift for uplink adaptive HARQ retransmissions: 

a) explicitly signal every frequency hopping offset in the initial scheduling grant

b) provide frequency offset for the following transmission/retransmission with HARQ ACK/NAK


Table 2 compares the two approaches:

	Signalling Method


	as part of the grant
	as part of HARQ feedback

	signalling overhead
	every additional shift may increase the grant size - however the UL grant is smaller than the DL grant and can thus include additional information 
	significantly increased size of the ACK/NAKs in the PDCCH - instead of one single bit of information it would be necessary to transmit 3-7 bits; however only transmissions for which frequency adaptivity was activated would need such an extended HARQ feedback.

	RB space allocation
	may lead to fragmentation of RB space
	could make full use of available RBs

	flexibility of frequency hopping pattern
	number of predefined shifts can be used as a repeating pattern
	One shift per ACK/NAK possible

	dependency on system bandwidth
	word length of grant could be dependent on system bandwidth (reduction in size possibly by limiting granularity or frequency hopping range)
	word length of ACK/NAK could be dependent on system bandwidth (reduction in size possibly by limiting granularity or frequency hopping range)

	applicability to persistently scheduled UEs
	may require clustering of the resources of hopping UEs
	offset in NAK may adapt retransmission; offset in ACK may adapt next initial transmission


Table 2: Comparison of signalling methods for frequency hopping offsets




4 Signalling requirements for the frequency shifting function

Given an initial resource allocation, any frequency shifted allocation can be described with a frequency hopping offset. Table 1 shows the maximum number of bits required for describing the frequency hopping offset in multiples of RBs when the frequency offset covers the entire system bandwidth with a granularity of 1 PRB.

	System Bandwidth
	Max. number of bits needed for offset in multiple of RBs

	20 MHz
	7

	10 MHz
	6

	5 MHz
	5

	2.5 MHz
	4

	1.25 MHz
	3


Table 1: Maximum number of bits for frequency hopping offsets 

In case of limiting the granularity or range (i.e. frequency shifting only by multiples of  N x PRB (N>1) or frequency shifting  only within a limited subband), the number of bits required for signalling the offset can be reduced.  We believe that no more than 3 bits are required for describing a suitable frequency shift for UL adaptive HARQ, regardless of the system bandwidth.

Decoding the frequency shift information with errors will lead to collisions on PUSCH. Therefore it is desirable to keep the error rate in frequency shift information very low. In particular, the coding and resource allocation for the frequency shift information bits is chosen similar to the one for ACK/NAK bits (ACK->NAK misdetection would also lead to possible PUSCH collisions). The detailed coding of PHICH jointly with frequency shift information is FFS.

It may be noted that with this proposal there is a significant savings of resources for transmitting scheduling grants over PDCCH. Hence, the additional overhead for frequency shift information included in PHICH is acceptable. 

5 Proposed Solution: Signalling a s a part of the HARQ feedback

For every uplink transmission/retransmission, a corresponding HARQ ACK/NAK is transmitted in the downlink direction. The ACK/NAK feedback may be accompanied by a frequency offset (frequency shift information). This frequency shift introduces some adaptivity in the HARQ operation. 

This approach has the following advantages:

· avoids fragmentation in the frequency domain

· allocations can be adapted to channel conditions

· persistent allocations may be easily modified

· may be used to avoid collisions between dynamically and persistently scheduled resources due to synchronous HARQ

· may be configurable per UE


[image: image1]
Figure 1: Signalling as a part of the HARQ feedback for inter-subframe frequency shifting 

6 Summary

This contribution proposes

1. to introduce frequency-adaptive HARQ in the uplink

2. to include an optional frequency shift information in the HARQ feedback, associated with the ACK/NAK information

3. the frequency shift information to be described with up to 3 bits that are extending the ACK/NAK field on PHICH.

It is further proposed

· that RAN2 agrees on the principle of the uplink adaptive HARQ operation using a frequency shift with every retransmission, and 

· that RAN1 works out the details of the frequency shift signaling (quantization, resource allocation, etc.)
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