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1 Introduction
From the WID [1], one objective for low cost MTC UE is:
	Reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband, while the control channels are still allowed to use the carrier bandwidth. Uplink channel bandwidth and bandwidth for uplink and downlink RF remains the same as that of normal LTE UE.


In the RAN1#76 meeting, the following was agreed:
	For PDSCH of the low complexity MTC UEs at least not in coverage enhancement:

· The maximum TBS shall be 1000 bits for unicast transmission on PDSCH.

· The maximum TBS shall be 2216 bits for data types referenced by SI-RNTI, P-RNTI, and RA-RNTI.


This contribution discusses the aspects of the current baseline for 1.4 MHz bandwidth reduction for the data channel in baseband in conjunction with 1000 bit restriction for unicast transmission and 2216 bit restriction for data transmission referenced by SI/P/RA-RNTI.
2 Minimum required bandwidth
According to [2], the UE shall use 
[image: image1.wmf]m

Q

 = 2 if the DCI CRC is scrambled by P-RNTI, RA-RNTI, or SI-RNTI. It is also stated in [2] that “The UE may skip decoding a transport block in an initial transmission if the effective channel code rate is higher than 0.930, where the effective channel code rate is defined as the number of downlink information bits (including CRC bits) divided by the number of physical channel bits on PDSCH.”.
Having this background information, the number of required PRBs with 2216 bit TBS for data referenced by SI/P/RA-RNTI are tabulated in Table 1 when considering 0.93 and 0.5 effective coding rate, respectively. It is observed that the current baseline of 6 PRBs cannot fulfill the requirements to convey 2216 bits of information. According to the analysis, the bandwidth reduction for the data channel in baseband needs to be relaxed from 6 PRBs at least to 11 PRBs. Furthermore, if effective coding rate 0.5 is considered, ~15 PRBs are needed to support transmission of 2216 bits.
Table 1 Number of required PRBs with 2216 bit TBS
	TBS (bits)
	2216

	Target Effective Coding Rate 
	0.93
	0.5

	Number of encoded bits
	2409
	4480

	Number of PDCCH symbols
	1
	2
	3
	1
	2
	3

	Number of required PRBs
	1 CRS port
	9
	9
	10
	15
	16
	17

	
	2 CRS ports
	9
	10
	11
	16
	17
	19

	
	4 CRS ports
	9
	10
	11
	17
	18
	20


Observation 1: The current bandwidth restriction needs to be relaxed to at least 11 PRBs. Considering effective coding rate 0.5, ~15 PRBs are needed to support transmission of 2216 data bits.
3 Link budget according to allocated PRBs
  Figure 1 shows the link level simulation results for SIB in low cost MTC UE and Table 2 summarizes the required SNR with various number of RBs. In the worst case scenario, substantial link budget gap, i.e., ~10dB, can be observed between 15 PRBs and 100 PRBs. Since SIB is the broadcast information intended for all UEs in the cell, the worst case scenario should be considered to assure that most of UEs can receive SIB. This general principle also applies to other common channels such as paging and RAR. Based on the simulation results, a significant discrepancy between normal LTE UE and low cost MTC UE with PRB restriction can be observed in terms of coverage. 

Table 2 Required SNR [dB] for SIB (2x1, EPA-1Hz)

	TBS (bits)
	1000
	2216

	Allocated PRBs
	6
	15
	25
	50
	75
	100

	Req. SNR (dB)
	10.8
	9.3
	5.1
	2.3
	0.2
	-0.6
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Figure 1 Link level simulation results for SIB (2x1, EPA-1Hz)
 Observation 2: It is observed that there is a significant discrepancy for SIB between normal LTE UE and low cost MTC UE with PRB restriction in terms of coverage (up to 10 dB link budget gap).
4 Network impacts
 Due to the bandwidth restriction of 6 PRBs, the eNB would need to take a conservative scheduling strategy to support low cost MTC UEs – the overall scheduling needs to consider the low cost MTC UEs having 6 PRB restriction especially for system information. Towards this end, in RAN2#85, it was agreed that The NW should be able to determine that a UE is a low cost device based on Msg1 or Msg3 (decision depends on whether eNB needs to know which PRBs to use for Msg2). In addition to the scheduling constraint by the network, Msg1 based recognition of low cost MTC UEs to eNB would require additional allocation of PRACH preamble codes for low cost MTC UEs. In consequence, the cell reuse of the PRACH preamble codes would be reduced and the cell planning of the network would be affected, which has not been evaluated so far. There is also need to evaluate the expected increased false detection probability due to the increased number of PRACH preamble codes in a cell. In particular, if the PRB restriction is relaxed to 100 PRBs, Msg1-based approach is not needed at all. A Msg3-based approach would have less impact than a Msg1-based one but still causes network constraints.
Observation 3: The current 6 PRB restriction requires Msg1 or Msg3-based recognition of low cost MTC UE which might introduce more complexity in the dimension and planning of PRACH preamble sequences.
 In WID [1], Section 9 shows the impacts on ME, AN, and CN and it is pointed out that there is no impact on CN. Current 6 PRBs restriction limits the allowed size of paging messages for LC MTC UE and therefore MME would need to indicate to the eNB when a paging targets to LC MTC UE specifically. In addition, the eNB might have to create specific paging messages to target these LC MTC UEs (for which a new LC-P-RNTI might be needed).Therefore, if we want to give no impact on CN, all Rel-12 networks should take an extremely conservative scheduling up to 6 PRBs all the time for system information, RAR, and paging; otherwise, the WID might need to be revised. As discussed in Section 2, the current 6 PRB restriction would not support 2216 bit TBS as the effective coding rate is over 1. Also, as discussed in Section 3, the current 6 PRB restriction would also reduce the coverage of common channels depending on the information bit size. If a network schedules system information (for instance) with up to 6PRBs all the time, the coverage for the other category UEs, including legacy UEs, would be also reduced.
Observation 4: The current 6 PRB restriction might have a negative impact to either CN or scheduling strategy of the network particularly for the paging procedure.
5 Cost saving from post-FFT buffer size reduction
 The only benefit from the bandwidth restriction of 6 PRBs would be the potential cost saving from post-FFT buffer size reduction. From the study results on cost saving in [3], the baseband and RF part consist of con 60% and 40% of overall cost, respectively. In addition, the portion of the post-FFT buffer is given as 15% of the overall cost. Therefore, even if the bandwidth reduction is relaxed from 6PRBs to 100 PRBs, overall cost increase would become ~9%.
Observation 5: The overall cost increase by relaxing the bandwidth restriction from 6 PRBs to 100 PRBs would become 9%.
6 Conclusions

 This contribution discusses the various aspects on bandwidth restriction for low cost MTC UE in terms of the supportive coding rate, link budget, potential impact to network, and cost saving aspects. The followings are observed from the discussions: 
Observation 1: The current bandwidth restriction needs to be relaxed to at least 11 PRBs. Considering effective coding rate 0.5, ~15 PRBs are needed to support transmission of 2216 data bits.
Observation 2: It is observed that there is a significant discrepancy for SIB between normal LTE UE and low cost MTC UE with PRB restriction in terms of coverage (up to 10 dB link budget gap).
Observation 3: The current 6 PRB restriction requires Msg1 or Msg3-based recognition of low cost MTC UE which might introduce more complexity in the dimension and planning of PRACH preamble sequences.
Observation 4: The current 6 PRB restriction might have a negative impact to either CN or scheduling strategy of the network particularly for the paging procedure.
Observation 5: The overall cost increase by relaxing the bandwidth restriction from 6 PRBs to 100 PRBs would become 9%.
Based on the above discussion, the PRB restriction for TBS of 2216 bits needs to be relaxed to at least 15 PRBs considering the supportable effective coding rate. It is also deemed necessary to consider relaxing the current 6 PRB restriction to X PRBs. The most desirable value of X is 100 which has no impact on the network side and makes the implementation smooth. Therefore, we propose:

Proposal: 
· RAN1 is kindly asked to consider removing PRB restriction of 6 PRBs for low cost MTC UE.

· If not, the PRB restriction shall be revised at least to more than or equal to 15 PRBs.
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