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Introduction

The revised WID for Rel-15 on ’Even further enhanced MTC for LTE’ [1] has updated objectives on
· Increased PDSCH spectral efficiency [RAN1 lead, RAN2, RAN4]
· Specify optional support for 64QAM for unicast PDSCH (no UE peak rate increase is intended).
· [bookmark: _Hlk504651422]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.
· Increased PUSCH spectral efficiency [RAN1 lead, RAN2, RAN4]
· E.g. sub-PRB resource allocation, with no less than 3 subcarriers within a sub-PRB allocation.
· 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.
At RAN1 #92 the following agreements were made: 
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.
In the running CR 36.331 email discussion [101bis#37] concluded in [2] some first aspects of the flexible starting PRB where introduced. This contribution and the accompanying draft 36.331 CR R2-1807814 and draft 36.306 CR R2-1807813 attempts to address the remaining open issues.
[bookmark: _Ref511996703]Discussion
This WI-objective is about introducing a more flexible starting PRB for PDSCH and PUSCH in order to avoid unutilized PRBs and thereby increasing the resource utilization. For a more detailed description and a complete overview please see reference [3].
Flexible PDSCH starting PRB
As discussed in [3], the solution for allocating a flexible starting PRB will be somewhat different for CE mode A and CE mode B. For CE mode A DCI 6-1A is used for which there are 11 unused resource values which could be used to include the flexible start PRB. That is, UEs would still monitor the same DCI but since some bits have a new interpretation this must be enabled and disabled via dedicated RRC signalling such that it is clear to the UE what the interpretation should be.
[bookmark: _Toc513211711][bookmark: _Toc513368453][bookmark: _Toc513532968][bookmark: _Toc513556218]For PDSCH in CE mode A, dedicated RRC signalling is used to indicate to the UE if the DCI should be interpreted as using flexible starting PRB or not.
For CE mode B, there are fewer bits in DCI and much more difficult to indicate the PRB-shift dynamically. Since transmissions in CE mode B are very extended in time there is, however, less need for dynamic indication and PRB-shift indicated by RRC signalling would be sufficient. I.e., the shift for a particular UE would be the same until re-configured. The shift would also depend on alignment with the Resource Block Groups (RBGs) and the system bandwidth, but that is up to RAN1 to define. For the RAN2 signalling it is sufficient for the UE to know if it should apply the shift or not.
[bookmark: _Toc513211712][bookmark: _Toc513368454][bookmark: _Toc513532969][bookmark: _Toc513556219]For PDSCH in CE mode B, 1 bit in dedicated RRC signalling is used to indicate if flexible starting PRB should be applied and the PRB start positing aligned to RBGs.  

Flexible PUSCH starting PRB
For PUSCH, there is also need for separate treatment for CE mode A and CE mode B as seen in [3]. For CE mode A the resource indication in DCI is given relative to the narrowband in Rel-13. To introduce a flexible start PRB in Rel-15, the simplest solution is to diverge from this and return to having the resource indication in the system bandwidth as is done for LTE. Similar to flexible PDSCH, the UEs would still monitor DCI format 6-0A but apply a new interpretation of the bits. This would therefore have to enabled and disabled by dedicated RRC signalling. 
[bookmark: _Toc513211713][bookmark: _Toc513368455][bookmark: _Toc513532970][bookmark: _Toc513556220]For PUSCH in CE mode A, dedicated RRC signalling is used to indicate to the UE if the DCI should be interpreted as using flexible starting PRB or not.
For CE mode B, the argumentation is the same as for PDSCH; due to the large number of repetitions and the few DCI bits it is preferred to indicate the PRB-shift via dedicated RRC signalling rather than having a dynamic shift indicated in DCI as for CE mode A. Due to the differences between uplink and downlink, i.e. there are no RBGs in the uplink to align to but instead it can be of interest to adjust to the configured PUCCH and PRACH resources, in this case and absolute PRB-shift is proposed in dedicated RRC signalling. I.e., a shift of 0, 1, 2, or 3 PRBs is configured for the UE and this is applied until further RRC re-configuration.
[bookmark: _Toc513211714][bookmark: _Toc513368456][bookmark: _Toc513532971][bookmark: _Toc513556221]For PUSCH in CE mode B, 2 bits in dedicated RRC signalling is used to indicate the magnitude of the PRB shift for flexible starting PRB.  
Note that in all of the above that there is no need to specify both a negative and a positive shift, since a negative shift could effectively be achieved by a positive shift with a lower narrow band index (see [3] for details).
UE Capability
Since eNB must know if it can assign a certain UE to use a flexible starting PRB, the flexible starting PRB must be added as a UE capability. Since it is not desired to have to implement this feature for PDSCH, PUSCH, CE mode A, and CE mode B at the same time, we prefer to introduce four different UE capabilities for this.
[bookmark: _Toc513211715][bookmark: _Toc513368457][bookmark: _Toc513532972][bookmark: _Toc513556222]Four UE capabilities for flexible starting PRB are introduced: PDSCH CE mode A, PDSCH CE mode B, PUSCH CE mode A, and PUSCH CE mode B.

Conclusion
Based on the discussion in Section 2 we propose the following:
Proposal 1	For PDSCH in CE mode A, dedicated RRC signalling is used to indicate to the UE if the DCI should be interpreted as using flexible starting PRB or not.
Proposal 2	For PDSCH in CE mode B, 1 bit in dedicated RRC signalling is used to indicate if flexible starting PRB should be applied and the PRB start positing aligned to RBGs.
Proposal 3	For PUSCH in CE mode A, dedicated RRC signalling is used to indicate to the UE if the DCI should be interpreted as using flexible starting PRB or not.
Proposal 4	For PUSCH in CE mode B, 2 bits in dedicated RRC signalling is used to indicate the magnitude of the PRB shift for flexible starting PRB.
Proposal 5	Four UE capabilities for flexible starting PRB are introduced: PDSCH CE mode A, PDSCH CE mode B, PUSCH CE mode A, and PUSCH CE mode B.
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