3GPP TSG RAN WG1 #74bis                                                                                   R1-134486
Guangzhou, China, 7 – 11 October 2013
Agenda Item:
7.2.2.1
Source: 
Sony
Title: 
Remaining details of bandwidth reduction for MTC UE
Document for:
Discussion and Decision
1. Introduction
A low-complexity UE suitable for MTC operation is to be designed [1]. The principal complexity reduction steps that are expected to be taken in RAN1 are:
· Single receive antenna operation at the UE;

· Reduction of maximum baseband bandwidth to 1.4 MHz in DL for data channel; and
· Reduction of maximum supported TBS to 1000 bits in DL and UL.

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 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
2.1
Indication of reduced baseband bandwidth
The conclusion from RAN1#74 considers that the RBs an MTC UE needs to buffer in a subframe could in general be fixed by specification, pre-defined in e.g. a frequency hopping pattern, semi-statically configured by RRC, i.e. non-PHY means of providing this information; or that it can signaled dynamically on PDCCH.
We consider the implications of the two basic classes of indication.
2.1.1
Signaling efficiency

For any method of indicating which RBs to buffer, the information must be provided to the UE earlier than the subframe in which it needs to decode PDSCH.

For both initial access and other access stages, to achieve this dynamically on PDCCH implies that PDCCH in subframe n must schedule RBs in a later subframe m. 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. PDCCH/PDSCH subframe decoupling has the potential advantage of also decoupling the transmission of common messages between MTC UEs and non-MTC UEs, thus removing the 1.4 MHz restriction from such message for 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.
It seems to require much greater re-design of existing LTE to support dynamic indication of buffered RBs by PDSCH/PDCCH subframe decoupling, so we prefer non-PHY-based methods for all access stages.

Observation 1: Supporting dynamic indication of buffered resources leads to cell spectral efficiency losses and has a high specification effort workload. Therefore, non-PHY-based methods of indicating which RBs an MTC UE shall buffer are preferable.
2.1.2
DCI message size

It is possible to reduce the size of resource allocation messages in DCIs if the restricted PDSCH bandwidth for a UE is formed from contiguous RBs, as discussed in Section 2.2.1. If dynamic indication of buffered RBs by PDSCH/PDCCH subframe decoupling is used, then in the case where PDSCH is repeated rather than PDCCH, the DCI reduction option is lost when scheduling common messages, since the single resource allocation must be sized for the full system bandwidth to be understood by non-MTC UEs also.
If PDCCH for common messages is repeated instead (with a new RNTI), then even so the size of the resource allocation cannot be reduced since there is no way for an MTC UE to know dynamically which reduced bandwidth within the system bandwidth it applies to. To do so would require the introduction of a new DCI format, with corresponding performance impact and specification effort. The same is true for PDCCH/PDSCH carrying U-plane data.
If non-PHY-based methods are used instead, these problems are solved directly if the buffered PDSCH RBs are localized (see Section 2.2.1).

Observation 2: Using non-PHY-based indications of buffered RBs compared to dynamic indication allows smaller DCI messages when coupled with localized allocations. Therefore, non-PHY-based methods are preferable, for all access stages.
2.1.3
Latency

Although the WI is focused on a low-complexity/cost MTC UE which may also be in poor coverage, 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 RBs contain its PDSCH. With a dynamic PDCCH indication of which RBs 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 RBs to buffer allows a reduction of latency since all indicated PDSCH RBs can be buffered even while PDCCH is being repeated.
This will likely have higher complexity/cost so could be an additional UE capability option, whether introduced in Rel-12 or later. 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: Using non-PHY-based indications of buffered RBs compared to dynamic indication allows reduced latency for UEs requiring coverage extension without low-complexity, and has better future specification flexibility, for all access stages.
2.1.4
Control overhead
Having a non-PHY-based indication of buffered RBs can lead to less overhead in creating the restricted PDSCH regions within a cell. If they are specified, there is no signaling overhead at all, and one option for RRC configuration is that they can be broadcast, meaning just some new IEs in system information. If each UE is configured with dedicated signaling, there is more overhead, but since such configuration is semi-static, it is by definition changing infrequently. With a dynamic PDCCH-based indication however, each UE must be sent a DCI in each subframe it is to receive PDSCH in, which could lead to PDCCH congestion at busy MTC times, and potentially unnecessary re-signaling of unchanged resource allocations since propagation channels are slowly-changing in the scenarios of most interest.

Observation 4: Configuration signaling can be more efficient with non-PHY-based indications of buffered RBs than with dynamic indication, for all access stages. 

Using non-PHY-based indications does not result in MTC capacity reduction, since with any of fixed, pre-determined, and semi-static broadcast, more than one restricted PDSCH region can be created, and then just a rule for mapping UEs to regions needs to be defined, which can be left to RAN2. For semi-static dedicated signaling, it is obvious that as many regions as needed can exist at the eNB.
2.2
Contiguous or non-contiguous buffered PDSCH RBs
There was some discussion at RAN1#74 as to whether the 1.4 MHz baseband bandwidth for DL data channels should comprise contiguous RBs, or whether the buffered RBs could be non-contiguous. We believe that the meaning of 1.4 MHz in LTE is always a continuous span of bandwidth, and so the matter is clear: the buffered RBs are contiguous. This does not affect the precise allocation within the buffered RBs, which is still indicated via DCI on PDCCH in the usual way.
Nevertheless, in this section, we discuss some related technical points, bearing in mind that the primary goal of bandwidth reduction is to give complexity/cost reduction. However, the coverage side of the WI must also be considered since an obvious deployment scenario for Rel-12 MTC is a low-complexity UE in a coverage-limited scenario.
2.2.1
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 RBs was permitted for the MTC UE. However, if the buffered RBs 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 RBs to buffer, so that e.g. the resource allocation can be interpreted from the lowest RB of the buffered PDSCH region rather than the first RB of the system bandwidth. Details of the signaling can be left to RAN2.
Observation 5: DCI message size, PDCCH load, and repetition numbers can be reduced when the RBs for an MTC UE to buffer are constrained to be contiguous by introducing support for resource allocations in 1.4 MHz to be interpreted by MTC UEs within in any system bandwidth.
2.2.2
Resource fragmentation

Related to DCI message size is the effect of inserting narrowband PDSCHs into the system bandwidth and sharing PDSCH resource with non-MTC UEs.
Consider that the buffered RBs can be non-contiguous. The fact that DCI messages must be sized for the system bandwidth means that 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 RBs do not match suitably to the MTC UE’s bandwidth of 1.4 MHz (up to 7 RBs) when using a 
Type 0 allocation. It appears that an MTC UE could not be allocated a full 6 or 7 RBs by a Type 0 allocation in such a case, nor in fact any other number than 4, without being allocated at least one whole additional RBG of which it can only buffer some RBs. A UE cannot process less than an RBG from Type 0, so UE behavior is at present undefined in these circumstances. Type 1 allocations may offer sufficient per-RB 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 RBs are allocated in multiples of four.
Observation 6: If the RBs to be buffered by an MTC UE can be non-contiguous, resource allocations and UE behavior are undefined for certain RBG sizes and/or DCI formats in at least Type 0 and Type 2 resource allocations.
Other UEs, MTC and non-MTC could not use the remaining RBs of any fragmented RBGs, so cell efficiency is degraded at least in 15 and 20 MHz systems. The problem is only aggravated if the scheduler aims for frequency diversity and spreads such distributed RBs for MTC UEs more widely in the system bandwidth since the RBG fragmentation then occurs repeatedly. It is not desirable to introduce a feature in RAN1 which has many use constraints and is not system bandwidth-independent since this severely limits deployability in the future.

However, if the buffered RBs 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 RB. 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. 
Observation 7: A bandwidth independent design, with better cell spectral efficiency resulting from no fragmentation of resource is permitted by constraining the buffered RBs for an MTC UE to be contiguous.
Considering all the points above, the combination of choices which makes the best use of the requirement to reduce complexity via baseband bandwidth reduction is to have a non-PHY-based method for signaling the buffered PDSCH region and to require that the buffered RBs be contiguous. The alternative of signaling dynamically on PDCCH with no contiguity requirement does not seem to be a workable physical layer design. This applies equally to initial access and other access, and we therefore suggest that the conclusion from RAN1#74 should be resolved as follows:
Proposal 1:
· 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 RBs.
Proposal 2: Introduce specification support for resource allocations in 1.4 MHz to be interpreted by MTC UEs within in any system bandwidth.
3.
Details of reduced baseband bandwidth design
We now consider the procedural consequences of the above ‘Proposal 1’.

The UE would need to decode the central 62 subcarriers  for PSS/SSS in slots #0 and #10 in FDD and slots #1, #2, #11, #12 in TDD, and the central 72 subcarriers in slot #1 for PBCH. Therefore the eNB must schedule any PDSCHs for MTC UEs in the RBs spanning the central 1.4 MHz in those slots.
System information (SI) and paging messages will also need to be transmitted in a common set of RBs in a cell, and the central 1.4 MHz is again a good choice for this, principally so that UEs which have not yet received any other configuration can locate it. SI changes occur rarely, so this has little impact on the benefits of a configurable restricted PDSCH region. DL messages during initial access will need to be in pre-defined resources as the UE has not received any RRC re-configuration at this point.
RARs and TPC commands are sent to groups of UEs via common search space PDCCHs, but are not broadcast to the whole cell. RARs (addressed to RA-RNTI) can be sent in any subframe of a RAR window, so RARs for MTC UEs can be grouped into a subframe and RARs for non-MTC UEs can be grouped into another subframe so that there is no resource constraint on RARs for non-MTC UEs. A similar scheduling treatment can be given to PUSCH/PUCCH TPC commands. No specification changes are required to achieve this.
Proposal 3: In slots containing PSS, SSS, and PBCH; all subframes when receiving PDCCH addressed to SI-RNTI and P-RNTI, and all subframes during initial access, an MTC UE is not expected to decode PDSCH outside a pre-determined set of contiguous RBs spanning up to 1.4 MHz. In other subframes, the UE is not expected to decode PDSCH outside a set of contiguous RBs configured semi-statically by higher layers and spanning up to 1.4 MHz.

Proposal 4: The pre-determined set of contiguous RBs are those in the central 1.4 MHz of the system bandwidth, or follows a specified hopping pattern.

To allow low-complexity UEs to also benefit from coverage extension techniques, it is desirable that among the possible baseband PDSCH regions it is possible to always configure the central 1.4 MHz. There is no need for other requirements on the reduced PDSCH baseband bandwidth. It is for implementation as to how many are in fact used in a cell at a given time.
Proposal 5: Specifications should be updated to require that it is always possible to restrict an MTC UE’s decoding of PDSCH to contiguous RBs in the central 1.4 MHz of the system bandwidth.
Proposal 6: There are no other physical layer restrictions on where within the system bandwidth the contiguous RBs can be.
4.
Conclusions
We have discussed the details and options for defining reduced baseband bandwidth operation for PDSCH for MTC UEs. Our observations are these:
1.
Supporting dynamic indication of buffered resources leads to cell spectral efficiency losses and has a high specification effort workload. Therefore, non-PHY-based methods of indicating which RBs an MTC UE shall buffer are preferable.

2.
Using non-PHY-based indications of buffered RBs compared to dynamic indication allows smaller DCI messages when coupled with localized allocations. Therefore, non-PHY-based methods are preferable, for all access stages.

3.
Using non-PHY-based indications of buffered RBs compared to dynamic indication allows reduced latency for UEs requiring coverage extension without low-complexity, and has better future specification flexibility, for all access stages.
4. Configuration signaling can be more efficient with non-PHY-based indications of buffered RBs than with dynamic indication, for all access stages. 
5.
DCI message size, PDCCH load, and repetition numbers can be reduced when the RBs for an MTC UE to buffer are constrained to be localized by introducing support for resource allocations in 1.4 MHz to be interpreted by MTC UEs within in any system bandwidth.

6.
If the RBs to be buffered by an MTC UE can be distributed, resource allocations and UE behavior are undefined for certain RBG sizes and/or DCI formats in at least Type 0 and Type 2 resource allocations.

7.
A bandwidth independent design, with better cell spectral efficiency resulting from no fragmentation of resource is permitted by constraining the buffered RBs for an MTC UE to be localized.

We propose to agree in this meeting as a minimum the following, and send an LS to RAN2:
We propose that RAN1 further agree as follows and include as much as possible in the LS to RAN2:

3.
In slots containing PSS, SSS, and PBCH; all subframes when receiving PDCCH addressed to SI-RNTI and P-RNTI, and all subframes during initial access, an MTC UE is not expected to decode PDSCH outside a pre-determined set of contiguous RBs spanning up to 1.4 MHz. In other subframes, the UE is not expected to decode PDSCH outside a set of contiguous RBs configured semi-statically by higher layers and spanning 1.4 MHz.

4.
The pre-determined set of contiguous RBs are those in the central 1.4 MHz of the system bandwidth, or follows a specified hopping pattern.

5.
Specifications should be updated to require that it is always possible to restrict an MTC UE’s decoding of PDSCH to contiguous RBs in the central 1.4 MHz of the system bandwidth.

6.
There are no other physical layer restrictions on where within the system bandwidth the contiguous RBs can be.
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1.	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 RBs spanning no more than 1.4 MHz.


2.	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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