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1 Introduction

In this contribution we address open issues for frequency hopping patterns for Rel-13 low complexity (LC) and coverage enhanced (CE) UEs [1]. For information on earlier RAN1 agreements, refer to [2]
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 \* MERGEFORMAT [3].

2 Frequency hopping patterns
Number of frequencies for PUSCH/PUCCH frequency hopping
There is a RAN1 working assumption that for PUSCH/PUCCH, when frequency hopping is used, frequency hopping occurs between 2 narrowbands. The performance gains from hopping between more than two frequencies in uplink are not significant and the impact on scheduling flexibility could be severe so we propose to confirm this working assumption.
Proposal:

· Confirm working assumption: For PUSCH/PUCCH, when frequency hopping is used, frequency hopping occurs between 2 narrowbands.
Configuration of frequency hopping

Some parameters in the RRC parameter list [4] have open issues. For simplicity we propose that frequency hopping is semi-statically configured and activated/deactivated. Since propagation conditions, base station configuration, etc. can be very different in downlink and uplink it makes sense to be able to configure and activate/deactivate frequency hopping independently for M-PDCCH/PDSCH and PUSCH, at least in FDD (including HD-FDD).
Proposal:

· Frequency hopping is configured and activated/deactivated semi-statically.
· At least in FDD, frequency hopping can be configured and activated/deactivated independently for M-PDCCH/PDSCH and PUSCH.
PUCCH frequency hopping pattern

It has been agreed that PUCCH frequency hopping is always used for UEs operating coverage enhancements for PUCCH. It has not been agreed whether the frequency hopping should be symmetric as for legacy PUCCH intra-subframe hopping or whether it should follow a hopping sequence similar to PUSCH.
Proposal:

· PUCCH frequency hopping is symmetric (similar to legacy PUCCH frequency hopping).

Frequency hopping between two narrowbands
In case frequency hopping is activated between two narrowbands for M-PDCCH/PDSCH/PUSCH/PRACH,
· Is the frequency offset between two narrowbands or absolute frequency location of two narrowbands

· fixed, or
· configurable, or
· variable according to symmetric hopping, like legacy PUCCH hopping?
· Is the hopping sequence

· hopping from one narrowband to another narrowband, or

· other hopping sequence?
For PRACH, our preference is symmetric frequency hopping like legacy PUCCH hopping between two PRACH frequencies. Please refer to [5] for details on our proposal for PRACH frequency hopping.
For M-PDCCH/PDSCH/PUSCH our preference is configurable frequency offset between the two narrowbands and the hopping sequence is hopping between the two narrowbands.
Proposal:
· For PRACH, frequency hopping is symmetric between two frequencies (see [5] for details).
· For M-PDCCH/PDSCH/PUSCH frequency hopping between two narrowbands, the offset between the two narrowbands is configurable and the hopping sequence is hopping between the two narrowbands.
Frequency hopping between four narrowbands
In case frequency hopping is activated among four narrowbands for M-PDCCH/PDSCH,

· Is the frequency offset among four narrowband fixed or configured?

· Or are absolute frequency locations of four narrowbands configured?
· Is the hopping sequence

· hopping with the order of narrowband index increase, or

· random hopping among four narrowbands according to the formula?
In line with our preference for the case with two narrowbands, our preference is configurable frequency offsets and hopping in order of increasing narrowband index.
Proposal:

· For M-PDCCH/PDSCH frequency hopping among four narrowbands, the offsets between the narrowbands are configurable and the hopping sequence is in order of increasing narrowband index.
SIB1bis frequency hopping

It has been agreed that the number of narrowbands that SIB1bis hops between (1, 2, or 4) depends on the system bandwidth, that the mentioned narrowbands are determined based on cell ID and system bandwidth, and that the hopping sequence between these narrowbands is determined based on cell ID and subframe index (and/or SFN).
In case of two narrowbands the hopping can occur between the lowest and the highest downlink narrowband. In case of four narrowbands we have no strong preference. We may want to consider re-using the hopping pattern in TS 36.213 Table 8.4-2 ‘PDCCH/EPDCCH DCI format 0 hopping bit definition’ by replacing the PRB index with a narrowband index. The hopping can occur every TSIB1bis/RSIB1bis ms.
Proposal:

· SIB1bis frequency hopping between two narrowbands can occur between the lowest and the highest downlink narrowband.

· SIB1bis frequency hopping can occur every TSIB1bis/RSIB1bis ms.

PRACH frequency hopping

Please refer to [5] for details.

Frequency hopping interval (YCH)

Please refer to [5]
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[7] for details.

Frequency hopping in TDD

Proposal:
· A single frequency hopping pattern is shared by UL and DL subframes in TDD.

3 Conclusions

In this contribution we address open issues for frequency hopping patterns for LC/CE UEs. 

Proposals:
1. Confirm working assumption: For PUSCH/PUCCH, when frequency hopping is used, frequency hopping occurs between 2 narrowbands.

2. Frequency hopping is configured and activated/deactivated semi-statically.

3. At least in FDD, frequency hopping can be configured and activated/deactivated independently for M-PDCCH/PDSCH and PUSCH.

4. PUCCH frequency hopping is symmetric (similar to legacy PUCCH frequency hopping).

5. For PRACH, frequency hopping is symmetric between two frequencies (see [5] for details).

6. For M-PDCCH/PDSCH/PUSCH frequency hopping between two narrowbands, the offset between the two narrowbands is configurable and the hopping sequence is hopping between the two narrowbands.

7. For M-PDCCH/PDSCH frequency hopping among four narrowbands, the offsets between the narrowbands are configurable and the hopping sequence is in order of increasing narrowband index.

8. SIB1bis frequency hopping between two narrowbands can occur between the lowest and the highest downlink narrowband.

9. SIB1bis frequency hopping can occur every TSIB1bis/RSIB1bis ms.

10. A single frequency hopping pattern is shared by UL and DL subframes in TDD.
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