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1. Introduction
A low-complexity UE suitable for MTC operation is to be designed [1]. One of the objectives of the work item is to introduce support for reduction of maximum baseband bandwidth to 1.4 MHz in DL for data channel. This topic was discussed at RAN1#74, with the conclusion – 

PDSCH frequency allocation method for further study until the next meeting:
· Pre-defined or fixed manner or dynamic-manner for initial access

· Semi-static or dynamic manner for others

However, no RAN1 agreement was reached at RAN1#74bis to finalize these aspects. In this contribution we discuss physical-layer options for enabling the reduced maximum bandwidth, so that RAN2 are able to design suitable higher-layer signaling and scheduling in that respect.
2.
Discussion
Detailed arguments regarding physical layer impacts of dynamic, semi-static, pre-defined or fixed PDSCH frequency allocation methods have been discussed in our earlier contribution [2]. We summarize the main points here.
2.1
Signaling efficiency
For dynamic signaling of PRBs, PDCCH in subframe n must schedule PRBs in a later subframe m>n. For common search space PDCCH messages, particularly SI-RNTI and P-RNTI, non-MTC UEs expect the associated PDSCH in the same subframe as the PDCCH. This implies transmitting either the same PDSCH or PDCCH in two subframes, once according to the expectations of non-MTC UEs and again with a subframe offset for MTC UEs. In general, this will degrade cell spectral efficiency. The impact of this is largest in transmitting the SIBs since BCCH is sent continuously. If double transmission of PDCCH is used, there would also need to be a separate new RNTI for each current CSS RNTI to avoid misinterpretation of the earlier PDCCH by non-MTC UEs.

Of the non-PHY-based methods, using a fixed or pre-defined hopping approach requires no additional signaling for initial access since everything would be specified, and there is no alteration to current PDCCH/PDSCH associations. For a semi-static approach during other access stages, there would be new RRC signaling required, but the load of this is under the control of the network.

Observation 1: Signaling efficiency can be higher with non-PHY-based methods for PDSCH buffering indication than with dynamic methods.
2.2
DCI message size
Resource allocations in DCI messages are of a size allowing them to address the entire system bandwidth, with varying granularity constraints. This would not change if a non-contiguous set of buffered PRBs was permitted for the MTC UE. However, if the buffered PRBs are known in advance to be contiguous, resource allocations can be interpreted by Rel-12 MTC UEs only within a 1.4 MHz bandwidth, regardless of the system bandwidth, and can therefore be reduced in size to match. This reduces PDCCH load in the cell and reduces the number of repetitions required when operating in extended coverage.

This works most easily when coupled with a non-PHY-based indication of which PRBs to buffer, so that e.g. the resource allocation can be interpreted from the lowest PRB of the buffered PDSCH region rather than the first PRB of the system bandwidth. If a dynamic indication is used, then the DCI reduction option is lost. Assuming PDCCH is repeated with a  new RNTI for MTC UEs, then there is no way for an MTC UE to know dynamically which reduced bandwidth within the system bandwidth it applies to, without introducing new elements into a DCI format. This would have corresponding performance impact and specification effort.
Observation 2: DCI messages can be smaller with non-PHY-based methods for PDSCH buffering indication than with dynamic methods.
2.3
Latency
Discussion has been continuing as to the inter-dependency of low-cost and coverage extension, but so far it looks likely that it will be possible to make UEs with the two aspects independently. Therefore, it is worth considering what advantages can be made available to an MTC UE which has no low-complexity/cost requirement but does need coverage extension. In this case, the UE will be decoding a repeated PDCCH to determine which PRBs contain its PDSCH. With a dynamic PDCCH indication of which PRBs to buffer, PDSCH accumulation can only begin once PDCCH has been successfully decoded, after potentially many repetitions. Having a non-PHY-based indication of the PRBs to buffer allows a reduction of latency since all indicated PDSCH PRBs can be buffered even while PDCCH is being repeated.

For the purposes of allowing future flexibility and forward compatibility in the specifications, it is better not to choose a design that precludes such improvements or that requires avoidable re-designs of PHY/MAC in future.

Observation 3: Latency can be less for a non-low cost but coverage extended UE with non-PHY-based methods for PDSCH buffering indication than with dynamic methods.
2.4
RBG fragmentation
If the buffered PRBs are constrained to be contiguous, then the DCI message can be dimensioned to apply only to the 1.4 MHz allocated to the UE, and RBG size is then 1 PRB. This allows full resource granularity to the scheduler for the MTC UE within its buffered region. Judicious choice of buffered MTC PDSCH regions and resource allocations to non-MTC UEs can then minimize any remaining RBG scheduling constraints.
But, if the buffered PRBs can be non-contiguous then Type 0 and Type 1 allocations will also have the RBG structure corresponding to the system bandwidth. Especially in system bandwidths of 15 and 20 MHz, RBGs of 4 PRBs do not match suitably to the MTC UE’s bandwidth of 1.4 MHz (up to 7 PRBs) when using a Type 0 allocation. An MTC UE could not be allocated a full 6 or 7 PRBs by a Type 0 allocation in such a case, nor any other number than 4, without being allocated at least one whole additional RBG of which it can only buffer some PRBs. A UE cannot process less than an RBG from Type 0, so UE behavior is at present undefined in these circumstances. Other UEs, MTC and non-MTC could not use the remaining PRBs of any fragmented RBGs, so cell efficiency is degraded at least in 15 and 20 MHz systems. Type 1 allocations may offer sufficient per-PRB addressing flexibility, but they are not available for use with DCI format 1C, i.e. SIBs, RARs, and TPCs. Also for DCI format 1C, Type 2 allocations have a similar problem as Type 0 in systems bandwidth of 10, 15, and 20 MHz where PRBs are allocated in multiples of four.
It is not desirable to introduce a feature in RAN1 in a way which has many use constraints and is not system bandwidth-independent since this severely limits deployability in the future. It could be allowed that a scheduler simply takes a performance loss if it chooses to allocate resources in this way, but since the MTC WI creates the opportunity to improve specification to support a new use case and avoid any need for such inefficiencies, we would encourage RAN1 to take such an opportunity.
Observation 4: A bandwidth independent design, with better cell spectral efficiency resulting from no fragmentation of resources is permitted by constraining the buffered PRBs for an MTC UE to be contiguous.
2.5
Repetition case vs. non-repetition case

We consider that it may be the case that the solution for restricted bandwidth PDSCH allocation can be different between the repetition and non-repetition cases since the timelines relating to PDSCH are likely to have different characteristics. Further, some of the issues described above with dynamic allocations apply more strongly in the non-repetition case, so flexibility of the chosen solution is worth taking advantage of.
Observation 5: The PDSCH frequency allocation method can be different between the repetition and non-repetition cases, but commonality of specification is desirable if a suitable choice is found.
2.6
Scheduling complexity / flexibility

Some discussion at RAN1#74bis tried to consider the scheduling complexity of cross-subframe-scheduling based dynamic indication versus the non-PHY methods. It is clear that the 1.4 MHz baseband bandwidth restriction may create a few new scheduling requirements, but these are common to cross-subframe scheduling and non-PHY methods. However, cross subframe scheduling also implies that, especially for common messages, the PDCCHs in two subframes need to be jointly scheduled to ensure that they are sent for both non-MTC and MTC RNTIs. Any of the non-PHY based methods does not have this particular requirement.
This is a good example of where if, for example, a dynamic allocation method is used for the repetition case, there is no need to export the additional complexities it creates into the non-repetition case.
4.
Conclusions
We have discussed the details and options for defining reduced baseband bandwidth operation for PDSCH for MTC UEs.
We have observations that:

1.
Signaling efficiency can be higher with non-PHY-based methods for PDSCH buffering indication than with dynamic methods.
2.
DCI messages can be smaller with non-PHY-based methods for PDSCH buffering indication than with dynamic methods.

3.
Latency can be less for a non-low cost but coverage extended UE with non-PHY-based methods for PDSCH buffering indication than with dynamic methods.
4.
A bandwidth independent design, with better cell spectral efficiency resulting from no fragmentation of resources is permitted by constraining the buffered PRBs for an MTC UE to be contiguous.

5.
The PDSCH frequency allocation method can be different between the repetition and non-repetition cases, but commonality of specification is desirable if a suitable choice is found.
We propose that RAN1 agree to:
1.
Allow the PDSCH frequency allocation methods to be possibly different between the repetition and non-repetition cases.

2.
Resolve the conclusion from RAN1#74 as follows:

· For PDSCH frequency allocation during initial access, use a pre-defined or fixed manner;

· For PDSCH frequency allocation during other access, use a semi-static manner (i.e. it is configured by RRC rather than L1 signaling);

and the PDSCH frequency allocation for an MTC UE during all accesses is required to be in contiguous PRBs spanning no more than 1.4 MHz.

3.
Introduce specification support for resource allocations in 1.4 MHz to be interpreted by MTC UEs within in any system bandwidth.
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