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1 Introduction

During RAN1 session #67, “reduction of maximum bandwidth” is agreed as one of the top 5 potential cost reduction techniques.  In this contribution, text proposal for evaluation/analysis of reduction of maximum bandwidth is proposed especially including “Impact on specification” ,  “Cell spectral efficiency” and “Analysis/evaluation of cost reduction”.
2 Text proposal
---------------------------------------------------- Start of Text proposal---------------------------------------------------------
6.2 
Reduction of maximum bandwidth

6.2.1
Description
The maixmum bandwidth supported by normal LTE UEs is 20MHz. “Reduction of maximum bandwidth” means to reduce the maximum bandwidth supported by MTC LTE UEs from 20MHz to a lower bandwidth (e.g., 1.4MHz, 3MHz or 5MHz).  If the maximum bandwidth supported by MTC LTE UEs is reduced to 1.4MHz,  “reduction of maximum bandwidth” will bring significant cost reduction to the MTC LTE UEs. However, in order to support narrow bandwidth MTC LTE UEs to access the wider bandwidth LTE system, “reduction of maximum bandwidth” may have large standard impacts.
6.2.2
Analysis/evaluation of performance against requirements 

	Metric
	Impact (Yes/No)

	Coverage same as GSM/EGPRS
	[No]

	Minimum Data rate
	[No]

	Power consumption
	[Yes]

	Impact to non-MTC UE
	[No]

	eNB Hardware impact
	[No]

	Impact on specification
	[Yes]

	Cell spectral efficiency
	[Yes]


6.2.2.1
Power consumption

Reduction of maximum bandwidth will bring power consumption reduction of the baseband integrated circuits since the baseband complexity will be reduced when the maximum bandwidth supported by MTC LTE UEs is reduced.
6.2.2.2
Impact on specification

6.2.2.2.1 Impact analysis

“Reduction of maximum bandwidth” feature may bring “not small” RAN1 specification impacts when MTC LTE UEs with “Reduction of maximum bandwidth” feature access the wider bandwidth LTE system.
· DL Control channel
In current LTE system, the transmissions of DL Control channels (including PDCCH, PHICH and PCFICH) are spread over the whole bandwidth.  Narrower bandwidth MTC LTE UEs cannot decode it correctly. Specifications changes may be needed to ensure narrow bandwidth MTC LTE UEs access successfully. In order to solve this problem, a new physical channel structure with separate control channels for the MTC LTE UEs might be required.
· UL Control channel
In the uplink, since the PUCCH transmissions by narrow bandwidth MTC UEs are limited within the narrow bandwidth and not across the entire system bandwidth.  Some special parameter configurations for MTC UEs by high layer will be needed to support “Reduction of maximum bandwidth”.

· SRS

SRS transmissions of narrow bandwidth MTC LTE UEs and SRS transmissions of normal LTE UEs may partially overlap. Such overlapping might affect the orthogonality of the SRS transmissions. Thus, SRS design of MTC LTE UEs may need further considered.
· PRACH
Some new designs for PRACH resource allocation may be needed.

· SIB and Paging

The SIBs and most of the paging messages are shared by all UEs. However, in order to support low cost MTC UEs, the eNB has to schedule these messages within narrowband. Such scheduling may affect the receiving performance of the UEs. Therefore, some possible solutions on paging and SIBs for low cost MTC UEs should be further considered. 

6.2.2.2.2 Potential Solutions

There are several solutions to support reduction of maximum bandwidth MTC LTE UEs to operate in an LTE system with larger bandwidth than the MTC LTE UEs.

· Solution 1: carrier aggregation 
If the eNB has at least one pair of DL/UL carriers with the bandwidth smaller than the maximum bandwidth of MTC LTE UEs, MTC LTE UEs with “Reduction of maximum bandwidth” feature can access the eNB.  It may also introduce carrier aggregation to split a narrow bandwidth carrier from the system carrier with wider bandwidth.

· Pros:  no impact on current 3GPP specifications

· Cons: It depends on the spectrum deployment.  If carrier aggregation is introduced to split a narrow bandwidth carrier from the system bandwidth, it may increase the eNB complexity and have impact on the cell spectral efficiency. 

· Solution 2: Relay Node

The bandwidth of the eNB is larger than that of the reduction of maximumd bandwidth MTC LTE UEs.  The reduction of maximum bandwidth MTC LTE UEs can access the eNB through Relay Node.  The maximum Rx bandwidth capacity of the Relay Node is same as the legacy normal LTE UEs, i.e., 20MHz. The transmit bandwidth of the Relay Node is same or smaller than the Tx/Rx bandwidth of reduction of maximum bandwidth MTC LTE UEs.

· Pros: no impact on eNB

· Cons: It depends on the system deployment and may increase the complexity of the Relay Nodes. 

· Solution 3: LTE specification modifications to support MTC LTE UEs with “Reduction of maximum bandwidth” feature
Special DL Control (PDCCH, system information, paging, etc) designs and different PRACH configuration are introduced and used for MTC LTE UEs. Some possible solutions are listed as below.

· DL Control channel
New physical channel structure with separate control channels for the MTC LTE UEs can be designed as follows:
· Method 1: separate narrow bandwidth control region 
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Figure 1: example of a separate narrower bandwidth control region for support of MTC LTE UEs
Figure 1 shows an example of separate control region for low cost MTC UEs (reduction of maximum bandwidth MTC LTE UEs) within the overall bandwidth of an LTE carrier. Low cost MTC UEs will be scheduled in the separate control region.
· Method 2: using ePHICH and ePDCCH
ePHICH and ePDCCH transmitted within the central 1.4MHz part of legacy PDSCH region. Figure 2 shows an example of ePHICH and ePDCCH to support low cost MTC UEs (reduction of maximum bandwidth MTC LTE UEs).
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Figure 2: ePDCCH for support of low cost MTC LTE UEs
· PRACH
There are two possible solutions to solve the MTC UE’s PRACH resource allocation problem.
· Dedicated PRACH resource for low cost MTC UE (including dedicated time and frequency resource, or dedicated preambles for low cost MTC UEs): eNB can identify the UE type from the dedicated PRACH resource.

· MTC UEs share the same PRACH resource with legacy UEs: eNB can’t identify the UE type by PRACH. 
· SIB and Paging

SIB and paging may be sent directly through low cost MTC UE’s PDSCH, which might occupy the whole bandwidth of a MTC LTE UE or part narrowband. The MTC LTE UE can blind detection the common message.

· UL Control channel

Dedicated PUCCH parameter configuration for MTC UEs may be needed in order to support reduction of maximum bandwidth.

· SRS

Special SRS design for MTC LTE UEs (e.g., DMRS measurement instead of SRS transmission or new SRS transmission region design) may be further considered.

6.2.2.3
Cell spectral efficiency

Compared to LTE system without MTC LTE UEs, “Reduction of maximum bandwidth” feature will bring cell spectral efficiency reduction to LTE system with MTC LTE UEs due to decrease of frequency diversity gain, decrease of frequency scheduling gain and decrease of interference coordination/randomization capability.

6.2.3
Analysis/evaluation of cost reduction
6.2.3.1 RF cost analysis
RF cost has no direct relation with the maximum bandwidth supported by the MTC UE. The RF cost of the UE modem will not be reduced if the maximum bandwidth supported by the MTC UE is reduced from 20MHz to 1.4, 3 or 5MHz.

6.2.3.2 Processing cost analysis

· A/D and D/A
If UE maixmum bandwidth support is reduced from 20MHz to 1.4MHz, 3 or 5MHz,due to the reduced sampling rate, the cost of the A/D and D/A may be slightly reduced.  
· Baseband

The complexity of channel estimation, OFDM modulation/demodulation and turbo decoder and the HARQ memory size are related to the maximum bandwidth suppoted by MTC UE. Reducing the bandwidth will reduce the baseband cost by simplifying front end processing (FFT, channel estimation, etc). 

             Table 1.  Relative complexity analysis if UE bandwidth reduced from 20MHz to 1.4MHz
	Function
	Relative operation reduction to existing solutions

	Channel estimation 
	FFS

	OFDM modulation/demodulation (FFT size)
	FFS

	Turbo decoder
	FFS

	HARQ soft Buffer processing
	FFS

	subframe buffering 
	[93%]

	Synchronization 
	No change


---------------------------------------------------- End of Text proposal---------------------------------------------------------
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