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1
Introduction
In RAN1#80bis, it was agreed to support PUCCH for LC-MTC and CE UEs. In enhanced coverage, only ACK/NACK and SR are supported. In this contribution, we discuss and share our views on the PUCCH configuration and other issues for MTC UEs.

2

PUCCH Configuration
Currently, the physical resources used for PUCCH depend on nRB-CQI and nCS-AN parameters with the PUCCH occupying the upper and lower edges of the system bandwidth. Furthermore, PUCCH transmission hops between the two band edges between slots in order to provide frequency diversity. For LC-MTC UEs, however, slot-based hopping can only be done within 1.4MHz. While this can provide some frequency diversity, at the same time it can lead to spectrum fragmentation, since two PRBs cannot be used by legacy PUSCH. This problem is worse if multiple PUCCH regions are configured. As a result, it is proposed that slot-based hopping is not used for PUCCH.
Proposal 1: Slot-based frequency hopping is not used for PUCCH. 

For LC-MTC UEs, two alternatives for narrowband PUCCH resource configuration are shown in Figure1 –

· Alternative 1, the PUSCH and PUCCH for LC-MTC UE are confined within a semi-static region for uplink transmission. The PUCCH is configured within this region, but without slot-based frequency hopping. 
· Alternative 2, there is no predefined region for uplink transmission and the network configures the PUCCH independently of the PUSCH transmission. For example, the PUCCH may be configured at one of the band edge to avoid resource block fragmentation. Similar to Alternative 1, there is also no slot-based frequency hopping for the PUCCH in this case.

[image: image1.emf]U

p

l

i

n

k

Legacy 

PUCCH

MTC PUCCH

M

T

C

U

p

l

i

n

k

Legacy 

PUCCH

Alternative 1 Alternative 2

MTC PUSCH

MTC PUCCH


Figure1. PUCCH alternatives for narrowband MTC.
For the PUCCH resource allocation for MTC, it was agreed in last meeting that “configuration of additional PUCCH frequency resource is not mandatory for support of LC/CE UEs in a cell” need to further study. According to last meeting discussion, it is possible to multiplex MTC PUCCH with legacy PUCCH transmission in the same PRB to reduce the MTC PUCCH overhead. There are two relevant cases need to be considered, 

· First case is MTC UE in the enhanced coverage, in this case the PUCCH resource multiplexing with legacy is not necessary, as the MTC PUCCH transmission will repeat a number of times, then the corresponding PUCCH resource would be occupied and can’t be used for legacy UE. If PUCCH slot-hopping is not allowed for MTC, one MTC PUCCH transmission will block two legacy PUCCH resource, if PUCCH repetition number is larger than 10, over one PRB resource is blocked, the purpose of the saving PRB resource is failed. 

· Another case is MTC UE in normal coverage area, many MTC UEs could be operating in the system, such that more PUCCH resources would be required to allocate to MTC, reusing legacy PUCCH resource is not the better choice from scheduling point of view. To avoiding the PUCCH resource collision, some legacy PUCCH resources could be reserved for MTC UE. And implicit PUCCH resource derivation with EPDCCH can’t be re-used directly, more standard impacts are required.
According on above analysis, it’s not desirable to share the PUCCH resources between legacy UE and MTC UE.

Table 1 compares the two alternatives based on implementation complexity and scheduling flexibility. From the table, it is seen that Alternative 1 is simpler, but, with this scheme, there is resource block fragmentation issue for legacy PUSCH scheduling. This, could be minimized through intelligent placement of the MTC regions (e.g. at the band edges which can somewhat imitate Alternative 2 PUCCH placement). Alternative 2 provides the most flexibility of PUSCH allocation but will introduce some scheduling restrictions (e.g. due to re-tuning), leading to implementation complexity increase. 
Table 1. Comparison of two PUCCH alternatives
	PUCCH Configuration Alternative
	Advantages
	Disadvantages

	1
	PUCCH and PUSCH contained within the same region – no re-tuning needed 
	Resource blocks fragmentation, especially if multiple MTC regions are needed.


	2
	Full flexibility in PUSCH allocation

Resource block fragmentation can be minimized
	Re-tuning may be needed, thus cause the scheduling restriction 


Considering that the working assumption allows for full scheduling flexibility in PDSCH allocation, the same flexibility should be possible for the PUSCH as well. In this case, there is no need for the PUSCH to be restricted into one narrowband region, although the eNB may choose to do so. That is, the eNB can still choose to restrict both PUSCH and PUCCH within one narrowband region based on implementation. Therefore, it is proposed that PUCCH PRB resource allocation is configured by eNB. This proposal allows full flexibility for PUCCH configuration. For example, LC-MTC PUCCH region may overlap with legacy PUCCH region, or they can be configured to be within the same narrowband as PUSCH. 

It should be possible to configure multiple PUCCH narrowband regions depending on the MTC load or based on coverage enhancement level (e.g. to avoid near-far problem or to avoid issues with different number of repetitions).
Proposal 2: PUCCH PRB resource allocation for MTC UEs is configured by eNB. Multiple PUCCH narrowband regions may be configured.
3
Other PUCCH Issues

One issue for further study from RAN1#80bis is how periodic CSI feedback will be supported for MTC UEs in normal coverage. Once the PUCCH PRB resource allocation is configured for the UE, there should not be any issue in reusing the existing mechanism and PUCCH format for CSI transmission. Naturally, a small modification would be needed for PUCCH format 2 since it is proposed that slot hopping no longer be used.
Currently, CQI reporting configuration consists of the PUCCH resource index, CQI-PMI configuration index, CQI format indicator, RI configuration, and simultaneous CQI and ACK/NACK. Although some fields are not applicable, this is a matter of configuration. One issue that should be addressed is the CQI format, whether wideband or subband configuration is appropriate in the context of LC-MTC UEs. However, the existing mechanism can be reused with some changes as necessary.
Proposal 3: Reuse existing mechanism and PUCCH format 2 (without slot hopping) for periodic CSI reports. 

Another issue is whether ACK only is transmitted or NACK only is transmitted or both ACK/NACK are transmitted in coverage enhancement. If only ACK or NACK is transmitted, the number transmissions would be less. This may be true especially if only NACK is transmitted, since the operating BLER is typically around 10%. However, the eNB would not be able to perform DTX detection in order to determine if the UE has missed the DCI. Also, transmitting both ACK and NACK is needed if early termination is to be supported. PUCCH results in [1] showed that approximately 8 repetitions would be required for 1% BER at -16 dB. Thus, the number of repetitions is not so high compared to the usefulness of DTX detection and for early termination. Therefore, it is proposed that both ACK/NACK are transmitted on PUCCH. 
Proposal 4: In enhanced coverage, both ACK and NACK are transmitted on PUCCH. 

4
Conclusion
In this contribution, we discuss uplink control channel for LC-MTC and CE UEs. The following proposals are made –

Proposal 1: Slot-based frequency hopping is not used for PUCCH. 

Proposal 2: PUCCH PRB resource allocation for MTC UEs is configured by eNB. Multiple PUCCH narrowband regions may be configured.

Proposal 3: Reuse existing mechanism and PUCCH format 2 (without slot hopping) for periodic CSI reports. 

Proposal 4: In enhanced coverage, both ACK and NACK are transmitted on PUCCH. 
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