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Discussion and Decision
1 Introduction

In RAN1#92, it was agreed that –

· For a BL/CE UE, higher layer signaling enable/disable

· the more flexible starting PDSCH PRB

· the more flexible starting PUSCH PRB

· This makes no assumption about signaling details

· For a BL/CE UE configured with flexible starting PDSCH PRB and max 1.4 MHz PDSCH channel bandwidth,

· PDSCH frequency hopping is supported.

· Details of frequency hopping is FFS

· For a BL/CE UE configured with flexible starting PUSCH PRB and max 1.4 MHz PUSCH channel bandwidth,

· PUSCH frequency hopping is supported.

· Details of frequency hopping is FFS
In this contribution, we consider further details of flexible starting PRB.
2 Flexible Starting PRB
In RAN1#92, it was agreed to support flexible starting PDSCH/PUSCH PRB. Higher-layer signalling would be used to enable/disable this feature. However, the signalling details remain for further study. Several options have been presented –

· Define new RIV with any PRB within the system bandwidth as the starting PRB [1]. This method provides good flexibility. However, it generally requires 1 more bit in the DCI and may not be backward compatible with legacy hopping pattern. In addition, the UE must be RRC configured to support this new resource allocation scheme and switching between allocation schemes would be semi-static.
· Use reserved RIV values to indicate new allocation [2]
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[3]. In CE Mode A, 11 unused RIV values may be defined to indicate new resource allocation to avoid fragmentation. This approach results in the same DCI size and UE can be dynamically assigned resources using either legacy or new scheme. Furthermore, legacy hopping pattern can be supported. This approach, however, has limited flexibility and does not work for CE Mode B where there is no spare RIV value.

· Introduce cell-specific 1-bit on-off signal for the starting PRB shifting feature [4]. This is cell-specific which can be quite restrictive. On the other hand, [6] proposed also the RRC signalling for UE specific signalling of a shift pattern. In both cases, however, there would be no dynamic switching between legacy and new resource allocation. 
· Using one additional bit in DCI to indicate resource shift [5]. This method allows dynamic switching between legacy and new resource allocation. However, this may not be backward compatible with legacy hopping pattern.
From the performance perspective, it is desirable to support flexible starting PRB in both CE Mode A and B. In addition, a common design should be supported for both modes to reduce specification and implementation complexity. From the solutions listed above, using reserved RIV values can only work for CE Mode A. Therefore, this method is not preferred. Among the remaining methods, the benefits from dynamic switching between legacy is not clear and it is not preferable to increase the DCI size. In addition, the method should be able to support co-existence with legacy NB-based hopping pattern. Therefore, it is proposed to introduce 1-bit RRC signalling to indicate PRB shift. 
Proposal 1: Introduce 1-bit RRC signalling to indicate PRB shift.

Note that if there is a clear benefit or compelling reason for dynamic switching, the 1-bit signalling may be included in the DCI instead. 

To support backward compatibility with legacy hopping pattern, the shift operation would depend on the bandwidth and the NB. For instance, for BW=3MHz, NB0 is shifted by 1 PRB to the left or the right. However, NB1 does not need to shift. For BW=5MHz, NB0 and NB1 does not need to shift, while NB2 and NB3 is shifted by 1 PRB to the left.
Proposal 2: The PRB shift definition depends on the system bandwidth and the allocated NB.

With this kind of shifting definition, NB-based hopping can be supported. In addition, when there is a mixed of legacy and Rel-15 UEs in the same narrowband, the eNB would need to ensure there is no resource collision. 

3 Conclusions

In this contribution, we consider flexible starting PDSCH/PUSCH PRB and make the following proposals –
Proposal 1: Introduce 1-bit RRC signalling to indicate PRB shift.

Proposal 2: The PRB shift definition depends on the system bandwidth and the allocated NB.
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