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1 Introduction

In RAN1 #75 meeting, working assumptions on PUCCH were achieved as below:

· For UEs in enhanced coverage mode for MTC, 
· No support of repetition of periodic CSI over PUCCH
· FFS: Periodic CSI over PUCCH without repetition
· ACK/NACK on PUCCH is supported. FFS on the configurability of ACK/NACK.
· Dedicated SR is supported but no further optimization beyond PUCCH repetition for SR (e.g. no new formats).

In RAN1 #79 meeting, the following agreement on bandwidth reduction was approved [1].

· Support narrow bandwidth operations of 6 RBs in both RF and baseband with possible retuning to another narrowband region (within the cell system bandwidth) for communications
In this contribution, considerations on PUCCH for bandwidth reduction and coverage enhancement are discussed for Rel-13 low complexity UEs.

2 Consideration on UCI

2.1 HARQ-ACK
Considering control overhead and capacity, scheduling of PUSCH only for HARQ-ACK transmission is quite inefficient. In order to support downlink HARQ efficiently and guarantee corresponding HARQ-ACK coverage, HARQ-ACK on PUCCH should always be supported for Rel-13 low complexity UEs in both normal and enhanced coverage. Therefore, the signaling used to enable/disable HARQ-ACK on PUCCH will not be needed, i.e., HARQ-ACK on PUCCH will not need to be configured. Besides, repetition should be as baseline for PUCCH coverage enhancement since less repetition times is needed for PUCCH compared with other channels to achieve the same coverage enhancement target.

Proposal 1: Repetition should be the baseline for PUCCH coverage enhancement. HARQ-ACK on PUCCH should always be supported for Rel-13 low complexity UEs in both normal and enhanced coverage.
In legacy LTE system, when HARQ-ACK on PUCCH is transmitted repeatedly, in order to guarantee the coverage performance of HARQ-ACK, the eNB’s scheduler would avoid the scheduling of PUSCH data in the subframes occupied by HARQ-ACK (therefore the scheduling flexibility would be limited). Alternatively, the transmission of PUSCH data in the subframes occupied by repeated HARQ-ACK will be dropped automatically. In order to avoid the impact on reception of HARQ-ACK on PUCCH, the above mechanism may also be used for Rel-13 low complexity UEs in enhanced coverage.

But under the coverage enhanced scenario, dropping the transmission of PUSCH data will not be helpful to PUSCH coverage improvement and may increase retransmission probability for PUSCH. In the case of asynchronous UL HARQ, increased retransmissions for PUSCH may increase the overhead of EPDCCH. In order to avoid potential PUSCH coverage degradation and additional EPDCCH overhead, when one or multiple subframes used for PUSCH repetition are occupied by repeated HARQ-ACK, the adaptive retransmission of PUSCH data may be considered, where design of corresponding timing may be needed; or, automatically increasing the repetition times for current PUSCH transmission may also be considered, where the number of increased repetition times may equal to the number of subframes occupied by repeated HARQ-ACK.

Proposal 2: PUSCH coverage issue caused by HARQ-ACK repetition needs to be identified and corresponding solutions should be considered for Rel-13 low complexity UEs in enhanced coverage.

2.2 SR
SR is used to request UL-SCH resource. SR can be replaced by a random access procedure. But considering the control overhead caused by the four steps of random access procedure and severe collision of random access in extreme coverage scenarios, SR on PUCCH should always be supported for Rel-13 low complexity in normal and enhanced coverage.

For coverage enhancement of SR, one way is to achieve the coverage enhancement target of SR based on eNB’s implementation. In this case, eNB may blindly detect SR by combining repetition transmission of SR within sliding window related to coverage enhancement levels, but more processing complexity will be introduced. Another way is to introduce new repetition transmission mechanisms for SR.

The possible repetition transmission mechanisms of SR include:
· Alt 1: As shown in Figure 2.1(a), all the subframes within any scheduling period is divided into multiple subframe blocks. Each subframe block is used for repetition transmission of SR and comprised of continuous subframes. eNB receives SR by combining repetition transmission of SR within corresponding subframe block.

· Alt 2: As shown in Figure 2.1(b), all the subframes within any scheduling period is divided into multiple subframe blocks. Each subframe block is used for repetition transmission of SR and comprised of non-continuous subframes with fixed repetition interval. eNB receives SR by combining repetition transmission of SR within corresponding subframe block.

· Alt 3: As shown in Figure 2.1(c), all the subframes within any scheduling period is divided into multiple scheduling regions. Each scheduling region is comprised of continuous subframes. And all the subframes within any scheduling region is divided into multiple subframe blocks. Each subframe block within the scheduling region is used for repetition transmission of SR and comprised of non-continuous subframes with fixed repetition interval. eNB receives SR by combining repetition transmission of SR within corresponding subframe block.
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Figure 2.1 Possible repetition transmission mechanisms of SR
For Alt 1, relatively small reception delay and relatively low complexity may be expected. Considering that continuous subframes are also used for repetition transmission of HARQ-ACK, SR and HARQ-ACK may share the same repetition times to ensure the better resource alignment for Rel-13 low complexity UEs in enhanced coverage. For Alt 2 and Alt 3, different time diversity gain could be implemented, thus relatively small control overhead may be expected.

Proposal 3: SR on PUCCH should always be supported. The new repetition transmission mechanism of SR should be considered for Rel-13 low complexity UEs in enhanced coverage.
2.3 CSI
For Rel-13 low complexity UEs in enhanced coverage, CSI feedback functionality of PUCCH is not necessary, since RI has fixed value 1 and CSI is not important for Rel-13 low complexity UEs under extreme coverage scenarios.

For Rel-13 low complexity UEs in normal coverage, in order to acquire gain from scheduling, the CSI feedback functionality is needed. Since Rel-13 low complexity UEs have only single receive RF chain, the benefit from PMI feedback may be limited. In addition, the CSI feedback modes are related to the supported TM. If TMs associated with PMI feedback are not supported, the modes with PMI feedback will be eliminated. Therefore, whether to support the modes with PMI feedback should be further considered.

Considering Rel-13 low complexity UEs have reduced RF bandwidth, the CSI reporting may be different from that of the legacy UEs. Some modifications should be considered for Rel-13 low complexity UE.

For the wideband feedback, the CQI can only be based on the reception bandwidth for the Rel-13 low complexity UEs instead of the whole system bandwidth. In this case, in order to acquire the CSI of the entire system bandwidth or the available bandwidth, the narrow bands to which the wide CQIs relate should be configured in different positions. Alternatively, we can extend the CSI reference resource to acquire a wideband CSI. For example, the CSI reference resource in time domain is extended to multiple subframes and in frequency domain can be defined as the reception bandwidth of these subframes. The reported CQI is an average value during a period. It seems to be feasible in that low complexity UE would have a slowly time-varying channel. In this way, the CQI of a wider bandwidth can be acquired from one reporting, but the CQI may not be accurate for the narrow band in which the Rel-13 low complexity UE is scheduled.

For the subband based feedback, it is not applicable for low complexity UE because there is at most one subband in a narrow band. A simple modification is the subband CQI is evaluated in one subframe. In this case, the subband CQI is same as the wideband CQI based on the reception bandwidth discussed above, and the effect of the subband based feedback is very limited. To make the feedback more efficient and implement multiple subbands feedback as in current specification, a possible way is extending the CSI reference resource in time domain to multiple subframes in a time window, and in frequency domain to the reception bandwidth of these subframes. Then low complexity UE is able to reports the CQI of selected subbands or set S. In addition, the preferred subband size can be fixed as 6 PRBs.

Proposal 4: Modification of CSI reporting modes should be considered for Rel-13 low complexity UEs in normal coverage.

3 Consideration on narrow bands for PUCCH
So far, the following two alternatives may be considered for narrow bands for PUCCH transmission:
Alt 1: PUCCH and PUSCH transmission are in the same narrow bands
Alt 2: PUCCH narrow bands which are separated from narrow bands for PUSCH transmission
For Alt 1, an UL narrow band is divided into PUSCH region and PUCCH region. Similar to normal PUSCH and PUCCH region, PUSCH region is located in the centre of the narrow band, and PUCCH region is still located in two sides of the narrow band. Considering that there may be multiple PUCCH regions if multiple UL narrow bands are configured, many fragments of PUSCH resource will be caused. Besides, for dynamic cross-subframe scheduling of PUSCH, when no UL-SCH data is transmitted, UL narrow bands for a bandwidth reduced UE would not be configured anymore. In this case, PUCCH cannot be transmitted. So Alt 1 may not be applied to dynamic cross-subframe scheduling of PUSCH.
For Alt 2, PUCCH may be transmitted within the semi-static configured or predefined PUCCH narrow band(s) for Rel-13 low complexity UEs. The number of PUCCH narrow bands may be one or two. In order to avoid fragments of legacy PUSCH resource, PRB resource located in two sides of legacy PUSCH region should be used as high priority for the above PUCCH narrow band(s). For example, as shown in Figure 3.1, the two PUCCH narrow bands in two sides of normal PUSCH region were defined, which were isolated within system bandwidth sufficiently. At present, the gain from frequency diversity or frequency selective scheduling may be acquired. In the updated WID [2], the following content “All legacy system bandwidths should be supported but if it is particularly challenging to fulfill the coverage enhancement target in system bandwidths below 5MHz then the work should focus on fulfillment of the coverage enhancement target in system bandwidths 5MHz and above” has been supplemented, i.e., it is proposed that large system bandwidths may be considered as high priority. Besides, in one PUCCH narrow band, the number of actual PRBs used to transmit PUCCH depends on the amount of current MTC traffic, and the PRBs which were not to be occupied by PUCCH may also be used to transmit PUSCH, i.e., scheduling of PUSCH within PUCCH narrow band(s) would not be precluded. So generally, additional PUCCH narrow band(s) would not cause the shortage of PUSCH resource.
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Figure 3.1 Narrow Band PUCCH for Rel-13 low complexity UEs
For PUSCH, in order to acquire maximum frequency selective scheduling gain, configuring narrow bands for PUSCH transmission by dynamic cross-subframe scheduling via DCI signaling will be preferable [3]. Considering that Alt 1 will cause more fragments of PUSCH resource and may not be applied to dynamic scheduling of PUSCH, Alt 2 is preferable.

Proposal 5: One or  two PUCCH narrow band(s) which are separated from narrow bands for PUSCH transmission may be considered for Rel-13 low complexity UEs.

Besides, specific PUCCH narrow band (when the number of PUCCH narrow bands is more than one) and PUCCH resource index within the said narrow band may be allocated semi-static or dynamically, and/or, implicitly be determined based on ECCE(s) occupied by UE-specific EPDCCH. Because PUCCH and PUSCH may be allocated in different narrow bands, dynamic re-tuning combined with UL/DL scheduling also needs to be supported.

4 Narrowband hopping
When PUCCH narrow band(s) is applied, considering potential limited frequency hopping gain and PUCCH control overhead, and in order to further decrease fragments of normal PUSCH resource to reduce restriction on dynamic scheduling of normal PUSCH, cross-slot frequency hopping within PUCCH narrow band(s) may not be necessary for Rel-13 low complexity UEs in normal and enhanced coverage.
For Rel-13 low complexity UEs in enhanced coverage, the methods of reducing power consumption or repetition times should be considered. Narrowband hopping may be a potential solution to reduce the repetition times for PUCCH [4]. Particularly, the semi-static configured or predefined PUCCH hopping granularity, which is common for different PUCCH coverage enhancement levels, and the set of available subframes for first PUCCH transmission according to PUCCH hopping granularity should be studied if PUCCH hopping is considered. In this case, considering retuning delay, delay tolerance feature for Rel-13 low complexity UEs in enhanced coverage and time diversity gain, longer narrowband hopping internal equal to hopping granularity may be preferable in order to ensure the alignment of PUCCH frequency hopping resource, resource utilizing efficiency and the reduction of scheduling complexity. For example, as shown in Figure 4.1, both hopping granularity and narrowband hopping internal are 4 subframes, and narrowband hopping internal of any one UE may simply be used for PUCCH repetition transmission of another UE.
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Figure 4.1 Narrowband hopping internal equals to hopping granularity

Proposal 6: Narrowband hopping can be considered for PUCCH to reduce power consumption or repetition times for Rel-13 low complexity UEs in enhanced coverage.
5 Conclusions
In this contribution, considerations on PUCCH for bandwidth reduction and coverage enhancement are discussed for Rel-13 low complexity UEs. We make the following proposals:
Proposal 1: Repetition should be the baseline for PUCCH coverage enhancement. HARQ-ACK on PUCCH should always be supported for Rel-13 low complexity UEs in both normal and enhanced coverage.
Proposal 2: PUSCH coverage issue caused by HARQ-ACK repetition needs to be identified and corresponding solutions should be considered for Rel-13 low complexity UEs in enhanced coverage.
Proposal 3: SR on PUCCH should always be supported. The new repetition transmission mechanism of SR should be considered for Rel-13 low complexity UEs in enhanced coverage.
Proposal 4: Modification of CSI reporting modes should be considered for Rel-13 low complexity UEs in normal coverage.

Proposal 5: One or  two PUCCH narrow band(s) which are separated from narrow bands for PUSCH transmission may be considered for Rel-13 low complexity UEs.
Proposal 6: Narrowband hopping can be considered for PUCCH to reduce power consumption or repetition times for Rel-13 low complexity UEs in enhanced coverage.

6 References

[1] Draft_Minutes_report_RAN1#79_v020
[2] RP-150492, “Revised WI: Further LTE Physical Layer Enhancements for MTC”, Ericsson
[3] R1-144815, “Bandwidth reduction for low complexity UEs”, ZTE
[4] R1-144819, “Discussion on physical uplink control channel for MTC enhancement”, ZTE
_1483187607.vsd
Hopping Internal



_1490017127.vsd
Scheduling Period


Repetition 
Interval


(a)


Scheduling Region


Repetition times


Scheduling Period


UE1


UE2


(b)


UEn


Scheduling Period


(c)


Repetition 
Interval



_1482057316.vsd
Legacy PUCCH


Narrow band PUCCH


PUSCH


PUCCH


PUCCH


PUCCH


PUCCH


PUCCH


PUCCH


NB PUCCH


NB PUCCH


NB PUCCH


NB PUCCH


RB0


RB1


PUCCH


PUCCH


PUCCH


PUCCH


NB PUCCH


NB PUCCH


NB PUCCH


NB PUCCH


1ms


PUCCH


PUCCH


Slot0


Slot1


1st PUCCH 
Narrow band


2nd PUCCH
Narrow band



