
3GPP TSG RAN WG1 Meeting #67
R1-114267
San Francisco, USA, 14-18 November 2011
Agenda item:
7.8
Source:
IPWireless Inc.
Title:
Review of approaches for bandwidth reduction for low complexity MTC LTE UEs
Document for:

Discussion and decision
1 Introduction

Reduction of UE bandwidth has been identified by many companies [1] as a significant factor enabling UE cost reduction. In RAN1#66bis in Zhuhai, various potential approaches to facilitate a reduction in UE bandwidth were identified. This document discusses these approaches, identifying advantages and disadvantages. In the conclusion, a proposal is made identifying those approaches that should be studied further in the study item.
2 Identified approaches to low bandwidth support
2.1 Dedicated MTC LTE carrier

[2], [3] and [5] identify that a dedicated narrowband carrier could be used for MTC devices.
Advantages

 There are no specifications impacts to this approach [3].
Disadvantages
· There may not be available spectrum to deploy a dedicated MTC carrier [2]. 
· Some eNode-Bs might not have the ability to support a narrowband carrier [3] (e.g. as may be the case if it is necessary to split an existing carrier).

· Goes against a key requirement of the study item and is therefore not considered to be a feasible solution [5]. Note that one of the study item’s requirements [8] is: “Target operation of low-cost MTC UEs and legacy LTE UEs on the same carrier” and use of a separate carrier for the support of low bandwidth UEs would be directly contradictory to this requirement.

· If the dedicated MTC LTE carrier is Release 8-10 compatible, legacy UEs would be able to camp onto the narrowband carrier and it may be necessary to provide some mechanism to move those legacy UEs to a more suitable wideband carrier e.g. by some load balancing means.
2.2 Relay Node

[3] identifies the possibility of using a relay node where the Un bandwidth is (evidently) the same as that of the legacy carrier, but the Uu bandwidth is a low bandwidth that is compatible with MTC LTE UEs. Although the use of relays was originally proposed from the perspective of bandwidth reduction, they might also be useful from the perspective of improving coverage for any MTC LTE UEs that have a lower transmit power capability or for single receive antenna UEs.
Advantages

· There are no impacts on the legacy eNode B [3].
· Potential to improve uplink and downlink coverage for cost reduced devices that have either a single receive chain or lower transmit power.

Disadvantages

· Deployment of extra hardware is required [3].

· Existing relay nodes would not necessarily support this functionality and may need to be upgraded or replaced. The complexity of existing relay nodes would be increased [3].

· MTC LTE UEs in the coverage area of the donor eNode-B (as opposed to a relay node) would not be supported by the low bandwidth Uu link. 

2.3 Separate control channel region

[2] identifies that supporting a special low bandwidth DL control channel region would facilitate the support of low bandwidth UEs; for MTC UEs PDSCH is always scheduled to the UE in a narrow bandwidth. The RAN1#67 document [4] also proposes this approach (Figure 1). In the uplink, PUSCH and PUCCH are scheduled within a limited bandwidth.
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Figure 1 – Separate control region for support of low cost MTC UEs

Advantages

· Low cost MTC LTE UEs and Release 8-10 UEs can coexist on the same carrier [3].
· Minimal loss of spectral efficiency since Release 8-10 LTE UEs can be scheduled in the central subcarriers when low cost MTC LTE UEs are not being scheduled [4].
Disadvantages

· There are specification impacts relating to the support of downlink control channels and PUCCH [3]. These specification changes would only have impact for low cost MTC LTE UEs and not for other Release 11+ UEs.

2.4 Carrier Aggregation

[6] proposes that carrier aggregation could be used to split a wide bandwidth carrier into a set of lower bandwidth component carriers: low cost MTC LTE UEs would attach to the lower bandwidth component carrier. Legacy Release 8-9 UEs would preferentially attach to the higher bandwidth component carrier (the carrier that these devices attach to could be controlled by load balancing techniques). Release 10+ UEs could attach to either carrier and be scheduled across the entire system bandwidth using carrier aggregation techniques. Additional carrier types in Release 11 may be beneficial since they can potentially improve the system efficiency by treating the two adjacent carriers as a single contiguous set of RBs for the non-MTC Release 11+ UEs [6].

Advantages

· Minimal or no specification impact.

· Release 10+ UEs could be scheduled across the entire system bandwidth.

Disadvantages

· Release 8-9 UEs could only attach to one of the component carriers. The achievable peak rates for these Release 8-9 UEs would be less than for the case when there is a single wideband carrier.

· There are granularity issues associated with some narrow carrier bandwidths, leading to inefficient use of an operator’s spectrum assets. E.g. if an operator owns 10MHz of spectrum and wishes to support a 1.4MHz carrier for MTC LTE UEs, that spectrum could be split into 1 ( 5MHz, 1 ( 3MHz and 1 ( 1.4MHz carriers. However this partitioning of spectrum leads to a wastage of 0.6MHz.

2.5 E-PDCCH

In one proposed approach, E-PDCCH allows a narrowband FDM-based control channel region to be inserted into a Release 11 carrier [5]. Such a narrowband control channel region could be used to serve bandwidth-restricted low cost MTC LTE UEs. If the E-PDCCH is localised, allocations to MTC UEs and allocations of system information etc. could be sent in this localised E-PDCCH [6]. 

Figure 2 illustrates three possible approaches to use of E-PDCCH for support of bandwidth restricted MTC LTE UEs. The pure FDM E-PDCCH occupies a bandwidth that is even less than that of the MTC UE: such an E-PDCCH would lack frequency diversity and would lead to a performance degradation in fading channels. The FDM and TDM E-PDCCH is assumed to serve both MTC and non-MTC Release 11 UEs and occupies a large number of OFDM symbols (due to many MTC and Release 11 UEs being supported): this would lead to a severe limitation to the PDSCH resource space available to MTC UEs. An MTC-specific E-PDCCH would occupy fewer OFDM symbols than one shared with Release 11 UEs and would leave a large amount of PDSCH resource for use by MTC UEs. Hence the use of an MTC-specific E-PDCCH for use by MTC UEs would seem to the best approach to supporting restricted bandwidth MTC LTE UEs. 
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Figure 2 – Approaches to supporting reduced bandwidth MTC LTE UEs through E-PDCCH

An MTC-specific E-PDCCH, as illustrated in Figure 2 seems to be aligned with the use of a separate control channel region (section 2.3). However the E-PDCCH only reduces the bandwidth of the allocation channel (PDCCH) without addressing the need to reduce the bandwidth of the PHICH and PCFICH. 

Advantages

· Low cost MTC LTE UEs and Release 8-10 UEs can coexist on the same carrier [3].

· Minimal loss of spectral efficiency since Release 8-10 LTE UEs can be scheduled in the central subcarriers when low cost MTC LTE UEs are not being scheduled [4].

Disadvantages

· There are specification impacts relating to specification of E-PDCCH, but such specification changes are likely anyway.

· E-PDCCH does not directly address the bandwidth needs of the PHICH and PCFICH: separate bandwidth reduction strategies would have to be applied for those channels.

· The E-PDCCH would need to be specified to have a mode that would specifically cater for low cost MTC UEs.

2.6 Allocating resources using PDSCH (E-GPRS protocol)
[7] proposes using techniques borrowed from E-GPRS protocols for the support of restricted bandwidth low cost MTC UEs. The following description of the proposal is taken from that document:
DL transmissions are dynamically scheduled on a per radio-block basis by including the DL assignments, i.e. a TFI, as part of the (E)GPRS RLC/MAC protocol header of the PDU. Similarly, UL transmission opportunities (“UL grants”) for the corresponding associated UL radio blocks can be dynamically scheduled by the eNB to one out of multiple EGPRS handsets independently from the receiver of the DL radio block through the USF. Incorporating DL assignments and/or UL grants for a TTI into the actual PDSCH transmissions monitored by several MTC devices on semi-statically allocated resources in the Data Region of the subframe could at least offer the possibility to get around a major re-design of the PDCCH.

Advantages
· Allows co-existence of Release 8-10 and later release UEs with low cost MTC LTE UEs on the same carrier bandwidth [7].

· Provides scheduling flexibility on a per-TTI basis under full eNode B control [7].

Disadvantages

· There are significant impacts on the LTE specifications.

· The method does not seem to support allocation of system information, paging messages or other common channel messages.
· MTC applications may send isolated packets. It is not clear whether this proposal is well suited to such traffic or whether quasi-steady state traffic is assumed.

2.7 Resource partitioning

[2] identifies that “resource partitioning” is a potential approach to allowing low-cost MTC UEs and legacy LTE UEs to exist in the same carrier. The concept of resource partitioning is not expanded on, but it is assumed that it relates to assigning some PDCCH and some PDSCH resources for MTC LTE UEs within the wider legacy carrier bandwidth. In that case it would be aligned with the approach of defining a separate control channel region described in section 2.3.

3 Conclusions

This document has reviewed approaches identified in RAN1#66bis to reducing the bandwidth that low cost MTC LTE UE devices have to support.

The use of a dedicated MTC LTE carrier seems to have many disadvantages, does not have widespread support and is not aligned with the aims of the study item. It seems that this technique does not need to be considered further in the study item.
The use of relays is an interesting method of reducing bandwidth and would also facilitate coverage improvement if that were necessary for reduced transmit power or single receive chain devices.

The use of a separate control channel region and an E-PDCCH occupying a limited number of OFDM symbols seem to be aligned. They have advantages in terms of backwards compatibility and peak rate support. Based on the alignment of these techniques, it would appear to be beneficial to study E-PDCCH as one aspect of support for a separate control channel region. The separate control channel region would also have to include support for a low bandwidth PHICH and PCFICH. 
Carrier aggregation would allow support for low cost MTC UEs but would restrict data rates achievable for Release 8 and 9 UEs and would not make efficient use of an operator’s spectral assets for some MTC LTE UE bandwidths. E-GPRS type techniques would have significant specification impacts and may need to be modified for the support of system information and some common channels.

Proposals:

1. The study item should henceforth consider the following techniques for reduced bandwidth operation for MTC LTE UEs:
· use of a separate control channel region. This control channel region would support PHICH, PCFICH and an E-PDCCH that has a mode that makes it suitable for restricted bandwidth MTC LTE UEs.
· carrier aggregation techniques to create lower bandwidth carriers for MTC devices.
· use of relays for bandwidth reduction and coverage improvement purposes.
2. E-PDCCH should be designed to allow support of a separate control channel region for MTC devices over a limited number of OFDM symbols.
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