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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 [2] – 

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 or RAN1#75 to finalize these aspects. After RAN1#75, an email discussion reached the following agreements in [75-04]:

Proposals for the new UE category/type:

· Both contiguous and non-contiguous resource allocation for unicast are supported.

· From RAN1 specification point of view, eNB does not require knowledge of the single Rx antenna property of the UE.

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
We first clarify the different stages of exploiting complexity reduction in the MTC UE by virtue of the baseband bandwidth reduction:

1. The UE can be constructed with a limited amount of PDSCH buffering capability by virtue of knowing it will never need to buffer more than 1.4 MHz of PDSCH resources.

2. The eNB can schedule within the buffered PDSCH PRBs as normal, i.e. the UE might not receive PDSCH in all the PRBs it is capable of buffering.

The differences between contiguous and non-contiguous ‘resource allocation’ (really ‘resource buffering’) are thus rather small, and supporting both should be straightforward.

2.1
PDSCH resource buffering
How the UE knows which PDSCH PRBs to buffer is they key step in obtaining the complexity/cost reduction the work item strives for. This section deals with the agreed support for contiguous resource allocation following RAN1#75 email discussion [75-04].
2.1.1
Contiguous resource buffering
The rationale for having support for contiguous resource buffering indication together with non-contiguous is that the eNB can transmit with and the UE can assume DCI message formats such that:
· Much smaller DL resource allocation messages can be used, which match the contiguous bandwidth rather than the system bandwidth. This gives more efficient control resource usage by MTC UEs, and fewer (E)PDCCH repetitions during coverage extension [3], [4]. It also preserves eNB scheduling flexibility to a significant degree.
· DL resource fragmentation can be avoided, since an RBG size of 1 PRB is used. RBG size of 4 PRBs in larger system bandwidths is not properly compatible with a 1.4 MHz (6 or 7 PRBs) limitation on PDSCH bandwidth, and could results in wasted PRBs which are inaccessible to all UEs – at least for certain resource allocation Types in certain system bandwidths [3], [4]. Other RBG sizes would also cause resource fragmentation unless the RBs actually scheduled/buffered were in fact mostly contiguous.
It is always preferred to introduce new features to RAN1 specifications in a way which is system bandwidth-independent and has limited impact on cell spectral efficiency.
· The above two benefits could significantly reduce the impact of enabling low-complexity MTC operation in a cell. This improves coexistence between MTC, non-MTC and legacy UEs. It is of course desirable that switching on Rel-12 MTC operation in a cell should not result in cliff-edge performance for UEs of whatever existing or future Release.
It is relatively simple in specification impact terms to inform the UE of which PRB to start buffering its 1.4 MHz from, and RAN2 can be left to design the signaling. The UE can then interpret resource allocation messages on the assumption they address a contiguous 1.4 MHz of PRBs. Presumably, it is best if this configuration is semi-static and then either same-subframe or cross-subframe scheduling can be used (see Section 2.2). We suggest that the contiguity signaling be allowed to include a ‘null’ state so that the network can turn it ‘off’ and then the UE can make no assumption as to the resource allocation it will receive.
By way of example, it is not necessarily needed that the starting PRB could be any PRB. E.g., if a 3-bit RRC configuration is used, then there are 8 starting PRBs in each system bandwidth and the additional RRC overhead is very low.

Before the UE has an RRC connection, e.g. during cell acquisition (previously termed ‘initial access’), specifications would need to prescribe the contiguity behavior.

Proposals
1. There is support for allowing the UE to know when it shall buffer contiguous PDSCH PRBs.

2. RRC or specification informs the MTC UE which contiguous PDSCH PRBs to buffer.

3. During contiguous PDSCH resource buffering, the UE assumes that eNB sends DL resource allocation messages according to the bandwidth of the configured contiguous region instead of the system bandwidth.
2.1.2
Non-contiguous resource buffering
Following the agreement to support non-contiguous resource allocation (for unicast), it seems that existing resource allocation methods can be used. According to the above proposals, the non-contiguous buffering assumption would apply at the UE whenever the contiguity configuration is absent, or ‘null’.
Proposals

4. Non-contiguous buffering is assumed whenever there is no indication of contiguous PDSCH PRBs.

5. During non-contiguous PDSCH resource buffering, the UE assumes that eNB sends DL resource allocation messages according to the system bandwidth.
We do have some concerns with non-contiguous allocation, essentially as outlined above where they are mitigated by indicating a contiguous PDSCH region to buffer. Especially worrisome is the resource fragmentation which could result in larger system bandwidths unless there are a number of restrictive and complex scheduling rules introduced or implied – we think that the frequency diversity benefits are not really a sufficient trade-off.

2.1.3
Predefined, fixed, semi-static, or dynamic manner?

The conclusion from RAN1#74 is resolved by the above proposals, benefiting from the RAN1#75 agreement. We make the following observations:

· Dynamic cross-subframe scheduling on PDCCH is supported whether the resource buffering is contiguous or non-contiguous. It just cross-subframe schedules within the contiguous PRBs when that is the UE configuration.

· Dynamic same-subframe scheduling on PDCCH is supported when the resource buffering is contiguous.

· Contiguous resource buffering during the early stages of initial access, such as acquiring SIBs would need to be in fixed or pre-defined resources (by the latter, RAN1 means some kind of hopping pattern).
Proposals

For PDSCH frequency allocation method:

6.
Dynamic manner is supported for both access types identified at RAN1#74.

7.
Pre-defined, fixed, and semi-static are captured within the configuration/specification support for contiguous PDSCH resource buffering.

2.1.3
Unicast and non-unicast
We do not see any difference between unicast and non-unicast PDSCH in Sections 2.1.1 and 2.1.2 above. Indeed, since the UE complexity would be conditioned on the ‘worst case’ complexity, it should be deprecated that there be any relaxation of complexity reduction for some particular PDSCH message(s) and not for others.

Proposal 8: All PDSCH transmissions to new category/type UEs follow the same rules for at least PRB and TBS limits.

3.
Conclusions
We have discussed a reasonable joint design of buffering and scheduling for the low-complexity MTC UE, benefiting from the agreements reached at RAN1#74 and RAN1#75. In short, we think that most of the discussions can be settled simply by allowing the UE to know when it should buffer a contiguous region of PRBs which will contain its PDSCH resource allocation.

We therefore propose that RAN1 conclude as follows for ensuring support for contiguous and non-contiguous resource allocation:

On support for contiguous resource allocation:

1.
There is support for allowing the UE to know when it shall buffer contiguous PDSCH PRBs.

2.
RRC or specification informs the UE which contiguous PDSCH PRBs to buffer.

3.
During contiguous PDSCH resource buffering, the UE assumes that eNB sends DL resource allocation messages according to the bandwidth of the configured contiguous region instead of the system bandwidth.
On support for non-contiguous resource allocation:

4.
Non-contiguous buffering is assumed whenever there is no indication of contiguous PDSCH PRBs.

5.
During non-contiguous PDSCH resource buffering, the UE assumes that eNB sends DL resource allocation messages according to the system bandwidth.

For PDSCH frequency allocation method:

6.
Dynamic manner is supported for both access types identified at RAN1#74.
7.
Pre-defined, fixed, and semi-static are captured within the configuration/specification support for contiguous PDSCH resource buffering

For unicast vs. non-unicast PDSCH:

8.
All PDSCH transmissions to new category/type UEs follow the same rules for at least PRB and TBS limits.
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