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1 Introduction

Rel-13 low complexity (LC) UEs will make use of the physical uplink control channel (PUCCH) for transmitting uplink control information. The PUCCH transmission from Rel-13 UEs might be repeated to meet the performance goals stated in [1]. In case of Rel-13 LC UE in normal coverage PUCCH as well as in coverage enhancement, PUCCH format 1A will be used to transmit a single HARQ ACK/NACK bit corresponding to a downlink transmission. Additionally, Rel-13 LC UEs in no or small coverage enhancement may use PUCCH format 2 for periodic reporting of the channel state information (CSI) if no uplink scheduling grant is available. 

In this contribution we discuss outstanding topics related to the definition of PUCCH transmission for Rel-13 LC UEs. We also describe a PUCCH resource determination scheme for Rel-13 LC UEs that is based on the legacy LTE scheme.
2 Discussion
2.1 Supported formats
Should any PUCCH formats not be supported? What should be the association of the PUCCH formats with the CE mode?
In LTE, PUCCH format 1A and 1B are used to carry one and two acknowledgement bits respectively. In the downlink, Rel-13 LC UEs are limited to a single receive antenna port (unlike two or more in legacy UEs). This implies that a single bit is sufficient for downlink feedback corresponding to a control or data transmission. In addition, Rel-13 UEs in no or small coverage enhancement support periodic CSI reporting using PUCCH format 2. In this case, PUCCH format 2A and 2B may be used to multiplex one or two acknowledgement bits respectively along with the CSI report. PUCCH format 3 is used to transmit several acknowledgement bits for e.g. in case of carrier aggregation. For Rel-13 LC UEs, we do not foresee the need to support carrier aggregation. However, one possibility is to introduce ACK/NACK bundling when there are no PUCCH repetitions, which may reuse or adapt PUCCH format 3 for this purpose.
Proposal 1 For Rel-13 LC UEs that do not use PUCCH repetitions, PUCCH formats 1B and 2B (2 A/N bits) are not supported.

Proposal 2 For Rel-13 LC/CE UEs in small or medium coverage enhancement (Mode A), PUCCH format 1B and 2B (2 A/N bits), and PUCCH format 3 are not supported.

Proposal 3 For Rel-13 LC/CE UEs in large coverage enhancement (Mode B), PUCCH format 1B (2 A/N bits), PUCCH formats 2, 2A and 2B (CSI reporting) and PUCCH format 3 are not supported.

For ACK/NACK bundling, when there is no repetition of any physical channel (M-PDCCH, PDSCH, PUCCH), the same principle can be used to define ACK/NACK bundling for TDD. However, due to cross-subframe scheduling, the DL subframes to be bundled is different from legacy design. Hence, specification change to 36.213 is expected even when PDSCH requires no repetition. 

For FDD, when there is no repetition of any physical channel (M-PDCCH, PDSCH, PUCCH), there is no need to define ACK/NACK bundling.

When repetition is required of any physical channel (M-PDCCH, PDSCH, PUCCH),  there is no easy way to define ACK/NACK bundling for the general case, where the number of repetitions can be dynamic for each channel, and different between different channels. Hence it is recommded that no ACK/NACK bundling is defined. 

Considering the above, we do not see a strong motivation to define ACK/NACK bundling for LC/CE UEs.

Proposal 4 For Rel-13 LC/CE UEs, ACK/NACK bundling is not defined for TDD or FDD.

2.2 Configuration of resources

Are the RRC parameters ‘PUCCH narrowbands indication’, ‘Starting offsets’, and ‘PUCCH resource for Msg4 feedback’ needed or can be derived from other parameters/signaling?
LTE provides several RRC parameters to configure the starting PRB and resource offsets for PUCCH. These parameters can be used to configure the PUCCH resources with a fine granularity, and in any narrowband as might be required for Rel-13 LC UEs. As such, we do not see any need to introduce an additional parameter to indicate the PUCCH narrowband, and will increase the overhead especially in case of UEs in coverage enhancement. The starting offset for PUCCH resource is already signalled by RRC, and should be used as is for Rel-13 MTC UEs as well. 
Proposal 5 The RRC parameter, PUCCH narrowbands indication is derived implicitly from other parameters/signalling.
For Msg4 feedback, the PUCCH resource cannot be indicated in Msg4, since the Msg4 decoding can fail.

Proposal 6 PUCCH resource for Msg4 response is either indicated in SIB or RAR, is predefined in the specifications.

2.3 PUCCH repetitions

Is this RRC parameter, “Number of PUCCH repetitions” needed or it can be derived from other parameters/signaling?

The value set for number of PUCCH repetitions should be signalled semi-statically over the RRC. The actual number of repetitions can be derived implicitly from within a value set. The value sets correspond to coverage enhancement modes Mode A and Mode B that cater to small and medium, and large coverage enhancement respectively. There should be sufficient overlap between the number of repetitions used for Mode A and Mode B to ensure that there is no large degradation in the PUCCH performance when a change of mode is signalled.
Table 1 Suggested repetition factor (R) for PUCCH format 1A for different coverage enhacemet (CE) levels. The summary of simulation results is available in [3]
	CE Level (enhancement)
	MCL [dB]
	Repetition factor (R)
	Freq hop (Y_ch)
	CE Mode
	Comments

	0 (0 dB)
	140.7
	1
	0 ms
	-
	Baseline PUCCH is 6.5 dB better than PUSCH

	1 (3 dB)
	143.7
	1
	0 ms
	Mode A
	

	2 (6 dB)
	146.7
	2
	0 ms
	Mode A
	For small reps, PUCCH loses freq diversity gains

	3 (9 dB)
	149.7
	4-6
	0 or 2 ms
	Mode A
	

	4 (12 dB)
	152.7
	6-8
	e.g. 4 ms
	Mode B
	In case of repetitions, PUCCH benefits from improved DTX detection due to combining of subframes.

	5 (15 dB)
	155.7
	10-14
	e.g. 8 ms
	Mode B
	

	6 (18 dB)
	158.7 (Tx power 20 dB)
	16-24
	e.g. 8 or 16 ms
	Mode B
	


Proposal 7 In coverage Mode A, the PUCCH repetition factor value set has the values, for e.g. {1,2,4,6} and in Mode B, the PUCCH repetition value set has the values, for e.g. {6,12,18,24}
Proposal 8 Take the results in Table 1 into account when determining the ranges for number of PUCCH repetitions for different CE levels.
2.4 PUCCH resource determination
What should be the detailed implicit resource derivation for PUCCH format 1a?

There are two possible methods by which LC/CE UE might obtain the PUCCH resource implicitly for transmitting HARQ ACK/NACK. First, the PUCCH resource can be derived implicitly from M-PDCCH as in legacy operation. Secondly, the PUCCH resource could be derived implicitly from the corresponding PDSCH transmission. The advantage of using M-PDCCH is that it would lead to a much smaller specification impact, by relying on a scheme similar to that used for legacy UEs. Additionally, it may be possible for the legacy and LC/CE PUCCH resources to be multiplexed within the same PRB for better resource utilization. However this carries the risk that in case of repetitions, PUCCH resource derivation based on M-PDCCH with different repetition levels may cause collisions. However in general, PUCCH resource collision are avoided by using a resource offset that is configured semi-statically and an additional offset that is signaled dynamically (ARO). We believe such mechanisms are sufficient to ensure collision-free PUCCH transmissions. 

Proposal 9 For Rel-13 LC UEs in normal coverage as well as coverage enhancement, PUCCH resource is derived implicitly from the associated M-PDCCH transmission.

We describe a detailed PUCCH resource derivation scheme based on M-PDCCH here, that is based on the legacy scheme. In legacy LTE, 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 
[image: image3.wmf]s

n

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 resources occupy PRBs across the system bandwidth in the two slots of a subframe. Consecutive PUCCH resource (m and m+1) 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.

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 first slot and, [image: image13.png]my=m+1



 in the second slot of the subframe.

· If [image: image15.png]mmod2 =1
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 in the first slot and, [image: image19.png]my=m-—1



 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:

· If [image: image24.png]


, [image: image26.png]My = m



 in the first slot and, [image: image28.png]my=m+1



 in the second slot of the subframe,

· If [image: image30.png]


, [image: image32.png]My = m



 in the first slot and, [image: image34.png]my=m-—1



 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 10 PUCCH resources for LC/CE UEs corresponds to a pair of legacy PUCCH resources of legacy indices m and m +1.
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Figure 3: Derivation of PUCCH resources for LC1 and LC2 with frequency hopping where m is an odd number
While the above description explained the relationship between the LC/CE PUCCH resource and the legacy PUCCH resources, in practice, a simple way can be used to directly define the LC/CE PUCCH resource. For example,
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for a PUCCH of LC/EC MTC UEs transmitted in Y consecutives valid UL subframes. Note that when frequency hopping is applied to PUCCH, the hopping of PRB index is realized by changing ‘m’ from one frequency hopping period to the next frequency hopping period.
What should be ARO for large CE?
In case of repetitions, the scheduler may try to avoid collision between PUCCH transmissions by appropriately scheduling the M-PDCCH and PDSCH. In addition, ARO bits may be signaled as a part of the downlink scheduling grant to ensure that there is no collision, for example due to the use of multiple M-PDCCH resource sets. In large coverage, the ARO might need to be extended due to the presence of several PDSCH repetitions.

Proposal 11 For Rel-13 LC UEs in large coverage enhancement (Mode B), one additional ARO bits are used to avoid collisions.
3 Conclusions

Based on the discussion, we have the following proposals:
Proposal 1
For Rel-13 LC UEs that do not use PUCCH repetitions, PUCCH formats 1B and 2B (2 A/N bits) are not supported.
Proposal 2
For Rel-13 LC/CE UEs in small or medium coverage enhancement (Mode A), PUCCH format 1B and 2B (2 A/N bits), and PUCCH format 3 are not supported.
Proposal 3
For Rel-13 LC/CE UEs in large coverage enhancement (Mode B), PUCCH format 1B (2 A/N bits), PUCCH formats 2, 2A and 2B (CSI reporting) and PUCCH format 3 are not supported.
Proposal 4
For Rel-13 LC/CE UEs, ACK/NACK bundling is not defined for TDD or FDD.
Proposal 5
The RRC parameter, PUCCH narrowbands indication is derived implicitly from other parameters/signalling.
Proposal 6
PUCCH resource for Msg4 response is either indicated in SIB or RAR, is predefined in the specifications.
Proposal 7
In coverage Mode A, the PUCCH repetition factor value set has the values, for e.g. {1,2,4,6} and in Mode B, the PUCCH repetition value set has the values, for e.g. {6,12,18,24}
Proposal 8
Take the results in Table 1 into account when determining the ranges for number of PUCCH repetitions for different CE levels.
Proposal 9
For Rel-13 LC UEs in normal coverage as well as coverage enhancement, PUCCH resource is derived implicitly from the associated M-PDCCH transmission.
Proposal 10
PUCCH resources for LC/CE UEs corresponds to a pair of legacy PUCCH resources of legacy indices m and m +1.
Proposal 11
For Rel-13 LC UEs in large coverage enhancement (Mode B), one additional ARO bits are used to avoid collisions.
References
[1] RP-150492, “Revised WI: Further LTE Physical Layer Enhancements for MTC”
[2] Chairman's Notes, RAN1 #81, Fukuoka
[3] R1-153430, “Summary of PUCCH link simulation results for MTC”, Ericsson, Fukuoka, Japan, May 2015

7/7


_1501016334.unknown

_1501016335.unknown

_1507984317.unknown

_1501016333.unknown

