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1 Introduction
Within the Rel-13 work item on “Further LTE Physical Layer Enhancements for Machine Type Communications (MTC)” [3], it has been agreed to provision a new UE class with RF bandwidth of 1.4 MHz (supporting a channel bandwidth of 6 PRBs) for cost/complexity savings. Additionally, it has been agreed to extend the coverage of LC UEs by such that they are able to operate with a MCL of 155.7 dB. 

In LTE, PUCCH format 1A/1B is used to transmit the HARQ ACK/NACK corresponding to a downlink transmission if no uplink scheduling grant is available. The PUCCH resources to be used for these acknowledgements is derived implicitly based on the first (E)CCE index used to schedule the corresponding downlink transmission. In this contribution we analyze PUCCH resource allocation for transmitting ACK/NACK messages from Rel-13 low complexity (LC) UEs in normal coverage as well as in coverage enhancement (CE). In case of LC/CE UEs, it is desirable to derive the PUCCH resources in a similar way as legacy to minimize specification impact.

2 Discussion
The PRB index used by legacy UEs for PUCCH transmission within a subframe is given by:
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depends on the PUCCH resource and 
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is the slot index. Since the slot indices within a subframe differ by 1, a legacy PUCCH resource occupies PRBs across the system bandwidth in the two slots of a subframe. Also, consecutive PUCCH resources (with indices m and m+1) are located close to opposite system bandwidth edges in each slot of a subframe (Figure 1). 
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Figure 1: Legacy PUCCH resource occupies PRBs across the system bandwidth in the two slots of a subframe. Consecutive PUCCH resource indices are located close to opposite system bandwidth edges in each slot of a subframe
However, LC UEs require a guard interval for re-tuning the center frequency in case the frequency resources are separated by more than 6 PRBs. Therefore in system bandwidths larger than 6 PRB, legacy PUCCH transmission from LC UEs will lose a few OFDM symbols at the slot edge within a subframe. This will lead to a loss in spectral efficiency. Additionally, it will not be possible to multiplex PUCCH transmission from legacy UEs with those from LC UEs because the orthogonality of data orthogonal cover codes will be lost. Thus it is not desirable to retune the LC UE center frequency with a subframe during PUCCH transmission. Moreover in RAN1 #81 it has been agreed that slot-based frequency hopping within the LC UE bandwidth of 6 PRBs will not be supported [2].

Proposal 1 PUCCH transmission from LC/CE UEs use the same PRB index in both slots of a subframe
To transmit on same PRB index in both slots of a subframe, the LC UE can make use of two legacy PUCCH resources. The legacy PUCCH resources are chosen such that they occupy complementary edges of the system bandwidth in each slot. Subsequently at the beginning of a subframe, the LC UE picks one edge of the system bandwidth and uses it for transmission in both slots. For example in Figure 2, LC1 occupies the same PRB in both slots of a subframe by picking legacy PUCCH resources corresponding to m and m+1 in the first and second slot respectively. This can potentially mean wastage of half the PUCCH resources in each slot. To avoid wastage, another LC UE may be configured to use the complementary PUCCH resources in each slot. For example in the same figure, LC2 picks the PUCCH resource corresponding to m+1 and m in the first and second slot respectively. In general, a new parameter  [image: image7.png]


 can be defined for determining the PUCCH resource for LC UEs which is derived from the legacy parameter m according to:
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 in the second slot of the subframe.
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 in the second slot of the subframe.

The values of nPRB are then calculated based on [image: image21.png]


 instead of m. This scheme ensures that the complete set of PUCCH resources configured for LC UEs can be used without collision. An example of this scheme is shown in Figure 2 for odd valued m. 
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Figure 2: Derivation of PUCCH resource LC1 and LC2 that are assigned legacy PUCCH indices m and m+1 respectively, where m is an odd number
In case of LC UEs operating coverage enhancement, RAN1 #81 has agreed to always use frequency hopping between at least two PUCCH narrowband regions to extract frequency diversity [2]. The scheme described above can be extended further in a straightforward manner to include frequency hopping, say every Y subframes. In this case the PUCCH resource can be derived as:
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 in the second slot of the subframe,
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 in the second slot of the subframe,

where k is the current subframe index and k0 is the first subframe index used for PUCCH repetitions. An example of this scheme is shown in Figure 3.

Proposal 2 PUCCH resources for LC/CE UEs in are derived from legacy PUCCH resources using an additional index mLC.
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Figure 3: Derivation of PUCCH resources for LC1 and LC2 with frequency hopping where m is an odd number
Note that LC UEs in normal coverage that do not use PUCCH repetitions will suffer from a loss of frequency diversity by forgoing frequency hopping. As such, they are expected to suffer a frequency diversity loss of loss of ~3 dB. Since the PUCCH MCL tolerance is already ~6 dB higher than the coverage-limiting channel PUSCH [3], it will still be possible to achieve acceptable performance in this case.
Additionally, it is possible that the PUCCH transmission from legacy as well as LC/UEs use the same set of PRBs. The advantage of this approach is that fewer additional resources need to be configured for PUCCH. However, if the legacy and LC UEs use consecutive PUCCH resource indices, there will be collision in one slot of the subframe. To avoid this collision it is possible to specify a large resource offset for LC UEs, such that the PUCCH resource indices used by LC UEs do not overlap with legacy resources.
3 Conclusions
Based on the discussion in previous section, we propose the following:

Proposal 1
PUCCH transmission from LC/CE UEs use the same PRB index in both slots of a subframe
Proposal 2
PUCCH resources for LC/CE UEs in are derived from legacy PUCCH resources using an additional index mLC.
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