3GPP TSG-RAN WG1 Meeting #93


R1-1806176
Busan, Korea, May 21st-25th 2018
Agenda item:
6.2.6.5
Title:
Support for flexible PDSCH/PUSCH starting PRB
Source:
Nokia, Nokia Shanghai Bell
Document for:
Discussion and Decision
1. Introduction
RAN#77 agreed a revised WID on eFeMTC with the following new objectives for improving the PDSCH/PUSCH spectral efficiency [1]:

· Introduce support for more flexible starting PRB for PDSCH resource allocation in connected mode at least for UE operating in CE mode A/B configured with 1.4 MHz max PDSCH channel bandwidth.

· Introduce support for more flexible starting PRB for PUSCH resource allocation in connected mode at least for UE operating in CE mode A/B configured with 1.4 MHz max PUSCH channel bandwidth.

In RAN1#92, the following agreements were reached:

Agreement
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
Agreement
· 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 RAN1#92-bis, the following agreements were added:

Agreement
At least for BL/CE UE configured without other Rel-14/15 features, DCI size after padding is not increased in order to support flexible starting PRB. 

Note: For PUSCH and PDSCH, the solution may or may not be the same

Note: The solution may or may not be the same for FDD and TDD

In this contribution, we further discuss the solutions regarding more flexible starting PRB for PDSCH/PUSCH resource allocation. 

2. Discussion
In RAN1#92, it was agreed to support flexible starting PDSCH/PUSCH PRB. Higher-layer signalling would be used to enable/disable this feature.  In RAN1#92-bis, multiple solutions were presented but no solution was selected, instead it was agreed that the eventual solution selected should not increase the overall DCI size. Therefore, the signalling details still remain for further study. 

Our views on the options presented in RAN1#92-bis that meet the DCI size constraint are given below.
· Define new RIV with any PRB within the system bandwidth as the starting PRB. At RAN1#92-bis, several companies suggested this option for CE Mode A PUSCH ([4], [10]).  This method provides good flexibility. However, it generally requires an increase in the size of the DCI (breaking the RAN1#92-bis agreement) 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. At RAN1#92-bis, several companies suggested this option for CE Mode A PDSCH [3], [5], [10], [4] and CE Mode A PUSCH [3].  In CE Mode A, 11 unused RIV values may be defined to indicate new resource allocation options to avoid NB and RGB mismatch. This approach results in the same DCI size and allows the UE to be dynamically assigned resources using either legacy or new scheme options. Furthermore, the 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 values.

· Introduce a 1-bit RRC on-off signal for the starting PRB shifting feature.  At RAN1#92-bis, this idea was proposed in [6], [2].  If this were cell-specific it could become quite restrictive. On the other hand, if this RRC signalling was UE specific, this signalling could at least support semi-static changes per UE. 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 [8]. This method allows dynamic switching between legacy and new resource allocation. However, this may not be backward compatible with legacy hopping pattern and constrains the shifting of RA in one predefined manner, unlike the RIV schemes.
To improve resource usage efficiency, the scheme selected should enable the network to dynamically take advantage of conditions by being able to shift NB resources either up or down depending on the combination of load conditions, system bandwidth and narrowband.  To reduce specifications effort, a single scheme is preferred for all scenarios.  

Of the solutions discussed so far, we believe a single scheme using the reserved RIVs to define additional offset PRBs options, as the best compromise for CE Mode A PUSCH and PDSCH.  Note, whilst we have in theory a spare bit available for the CE Mode A PUSCH DCI, we prefer the shift up or down flexibility that the RIV scheme could provide.
Proposal 1:     For CE Mode A, use the unused 11 RIV states to extend RA
For CE Mode B PUSCH and PDSCH, given their potentially long repetitions and the lack of a DCI solution not requiring additional bits, we prefer to introduce RRC signalling to indicate the PRB shift.
Proposal 2:     For CE Mode B, use RRC signalling to indicate the PRB shift for both PDSCH and PUSCH.

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 3:     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. Conclusion

In this contribution, we consider the flexible positioning of the starting PDSCH/PUSCH PRB and make the following proposals:

Proposal 1:     For CE Mode A, use the unused 11 RIV states to extend RA
Proposal 2:     For CE Mode B, use RRC signalling to indicate the PRB shift for both PDSCH and PUSCH.

Proposal 3:     The PRB shift definition depends on the system bandwidth and the allocated NB.
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