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PUCCH transmission for Rel-13 low complexity UEs and UEs operating coverage enhancement (CE) was discussed in RAN1 #80bis and achieved the following agreements [1]:
· For Rel-13 low complexity MTC UEs,
· For PUCCH structure, 
· FFS: Slot-based frequency hopping within a narrow band
· FFS: How to derive PUCCH resource
· FFS: Configuration of additional PUCCH frequency resources is not mandatory for support of LC/CE UEs in a cell
· FFS on the details
· For UEs operating in enhanced coverage, 
· Repetition of PUCCH across multiple subframes is supported
· Frequency hopping is supported for PUCCH repetition
· FFS on specific hopping pattern
· FFS on configurability of frequency hopping
In this contribution, we express our views on the FFS issue for the configuration of additional PUCCH frequency resources to support Rel-13 low complexity UEs and CE in a cell.
PUCCH region for Rel-13 low complexity UEs
Rel-13 low complexity UEs need to support 1.4 MHz RF bandwidth in downlink and uplink. If the UE has a reduced RF bandwidth as well as a reduced BB bandwidth and needs the time for re-tuning, it can’t send PUCCH in the legacy way in system bandwidth larger than 1.4MHz due to the intra-subframe frequency hopping across the whole band. 
Transmission of PUCCH only in one slot of a subframe will incur performance degradation not only from the frequency diversity loss but also from the reduced transmission time. And more specification work is needed to determine whether the PUCCH is transmitted in the first or second slot. It is not worthwhile for the specification work to define such one slot PUCCH with worse performance.
Proposal 1: PUCCH for Rel-13 low complexity UEs should be transmitted in at least two slots.
If Rel-13 low complexity UEs share the same PUCCH region with legacy UEs, it will increase eNB’s scheduling complexity to determine the frequency/code resource for both of the UE types/categories. The reason is that eNB needs to consider the following issues to multiplex Rel-13 low complexity UEs and legacy UEs in the same PRBs.
1) How to multiplex low complexity UEs and legacy UEs in the same PRBs?




As Rel-13 low complexity UEs hop the frequency differently with legacy UEs or do not hop, multiplexing low complexity UEs and legacy UEs in the same PRBs should take into account the two different PUCCH structures. A two slots PUCCH transmission for one Rel-13 low complexity UE will occupy the PUCCH resources for two legacy UEs irrespective slot-based frequency hopping or not within a narrow band. In figure 1, we illustrate the PUCCH transmission for Rel-13 low complexity UEs and legacy UEs in the same PUCCH region assuming that slot-based frequency hopping is not applied for Rel-13 low complexity UEs. As shown in the figure, there is one PUCCH resource (PUCCH resource 1) in PRB  0 slot 0 and PRB  slot 1 for legacy UE1, and another PUCCH resource (PUCCH resource 2) in PRB  slot 0 and PRB 0 slot 1 for legacy UE2. If the PUCCH resource 1 and 2 in PRB  are occupied by Rel-13 low complexity UE1, the PUCCH resource 1 and 2 in PRB 0 cannot be utilized by legacy UEs because of the PUCCH hopping structure of legacy UEs. If there is low complexity UE2 scheduled to be paired together with low complexity UE1, they can occupy the total PUCCH resource 1 and resource 2 in PRB  and PRB 0. However, the network does not always have paired Rel-13 low complexity UEs to be scheduled. In this circumstance, the PUCCH resource 1 and resource 2 in PRB 0 of the subframe would be wasted. To schedule the resources efficiently with minimum waste, eNB should pairing Rel-13 low complexity UEs when scheduling the PUCCH resources in the same PUCCH region used for legacy UEs.
2) How to configure PUCCH resources to avoid collision between low complexity UEs and legacy UEs?
For PDSCH scheduled by EPDCCH, the PUCCH ACK/NACK resource is determined by the lowest ECCE index used to construct the EPDCCH, ARO in the DCI of the corresponding EPDCCH and pucch-ResourceStartOffset. Although pucch-ResourceStartOffset is dedicatedly configured, it is usually the same for a group of legacy UEs. ARO is used to eliminate the PUCCH resource collision between the resources derived from the same EPDCCH first ECCE index in different PRB sets, or between the resources derived from the same PDCCH first CCE index and EPDCCH first ECCE index. 
Rel-13 low complexity UE’s PDSCH is scheduled by M-PDCCH in previous subframe. The first CCE /ECCE index for legacy UE in subframe n could also be the same as the first control channel element index of M-PDCCH in subframe n-k for Rel-13 low complexity UEs. If the same method to configure PUCCH resources is used by Rel-13 low complexity UEs, eNB should also avoid the PUCCH resource collision between Rel-13 low complexity UEs and legacy UEs when configuring ARO and pucch-ResourceStartOffset . It may cause additional specification work to extend the ARO value if pucch-ResourceStartOffset value could be the same for these two kind of UEs. It will increase the eNB scheduling complexity to avoid the resource collision.


Figure 1 Rel-13 low complexity UEs in the same PUCCH region used for legacy UEs.
Observation: If Rel-13 low complexity UEs share the same PUCCH region with legacy UEs, it will increase eNB’s scheduling complexity to utilize the resources efficiently and avoid the resource collision.
Configuring a new PUCCH region for Rel-13 low complexity UEs can avoid the eNB consideration on resource multiplexing of the two different PUCCH structures and resource collision avoidance, so it should be adopt with priority for Rel-13 low complexity UEs. The new PUCCH region could be beside the legacy PUCCH region to lessen the resource segmentation of PUSCH. To configure the new PUCCH region for Rel-13 low complexity UEs, the value of pucch-ResourceStartOffset could be configured different from legacy UEs’ value in M-PDCCH initialization.
Proposal 2: It is preferred to support PUCCH for Rel-13 low complexity UEs by configuring new PUCCH region(s).
When Rel-13 low complexity UEs and legacy UEs are using separate PUCCH regions with priority, there may also be a limited number of PRBs in which one type/category of UEs will not occupy all the PUCCH resources. If there are some residual PUCCH resources left in a PRB and could be utilized by other type/category of UEs, Rel-13 low complexity UEs and legacy UEs could be multiplexed in that PRB for the efficient resource utilization.
Proposal 3: The PUCCH resource multiplexing of Rel-13 low complexity UEs and legacy UEs could be supported in a limited number of PRBs.
PUCCH region for UEs operating CE
Repetition of PUCCH across multiple subframes and frequency hopping are supported for PUCCH CE.
To achieve a minimized divergence CE solution for different UE types/categories as required in the revised WID [2], PUCCH structure for coverage enhancement could be based on that designed for Rel-13 low complexity UEs, for both Rel-13 low complexity UEs and other UEs. Figure 2 shows an enhanced PUCCH transmission sharing the same resource region with legacy UEs assuming no slot-based frequency hopping within a narrow band for the enhanced PUCCH. The eNB scheduling complexity increasing problem described for Rel-13 low complexity UEs’ PUCCH region in Section 2 applies here but even prominent for CE case when enhanced PUCCH are transmitted in the same region used for legacy UEs. eNB should consider the resource multiplexing and collision avoidance between an enhanced PUCCH and multiple legacy PUCCH in multiple subframes when transmitting the enhanced PUCCH.


Figure 2 Enhanced PUCCH transmission in the PUCCH region used for legacy UEs.
As is shown in figure 2, one repeated PUCCH lasts e.g. 5 subframes with one hop to the other edge of the system bandwidth. The repeated PUCCH occupies part of the PUCCH resources for legacy UE1,2,3,4,7,8,9,10. If the network has no UE(s) operating CE scheduled with their PUCCH resource(s) to pair the enhanced PUCCH resource in the figure, the remained part of the PUCCH resources for legacy UE1,2,3,4,7,8,9,10 would be wasted as they cannot be used by legacy UEs. A concern is that CE is operated in the quiet time with a few legacy UEs, the inefficient PUCCH resource utilization may not be a serious issue. But from another aspect, since the uplink traffic is sparse for legacy UEs in the quiet time, configuring additional PUCCH region for CE will not impact on legacy PUSCH transmission.
Proposal 4: It is preferred for PUCCH resources for UEs operating coverage enhancement to use new PUCCH region(s).
Similar as discussed in section 2, there may be a limited number of PRBs left in which enhanced PUCCH will not occupy all the PUCCH resources. If legacy UEs could send PUCCH in the residual PUCCH resources in these PRBs, it could be supported to multiplex PUCCH for UEs operating CE and PUCCH for legacy UEs in the limited number of PRBs.

The use of the new PUCCH resource region to transmit PUCCH for Rel-13 low complexity UEs and PUCCH CE depends on the PUCCH structure design, which is discussed in the accompanying contribution [3].

Conclusions
This contribution discusses the necessity of new PUCCH region for low complexity UE and coverage enhancement. The following observation and proposals are presented:
Observation: If Rel-13 low complexity UEs share the same PUCCH region with legacy UEs, it will increase eNB’s scheduling complexity to utilize the resources efficiently and avoid the resource collision.
Proposal 1: PUCCH for Rel-13 low complexity UEs should be transmitted in at least two slots.
Proposal 2: It is preferred to support PUCCH for Rel-13 low complexity UEs by configuring new PUCCH region(s).
Proposal 3: The PUCCH resource multiplexing of Rel-13 low complexity UEs and legacy UEs could be supported in a limited number of PRBs.
Proposal 4: It is preferred for PUCCH resources for UEs operating coverage enhancement to use new PUCCH region(s).
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