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1. Introduction
The work item on “Low cost & enhanced coverage MTC UE for LTE” [1] was approved for Rel-12 in RAN1. One of the objectives of the work item is to specify a new low cost/complexity UE type supporting the following capabilities:

· Single receive antenna
· Downlink and uplink maximum TBS of 1000 bits
· Reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband

This paper discusses the impacts to normal UE due to introduction of low cost/complexity UE.
2. Analysis

UE E-UTRA capability is delivered to eNB in S1AP Initial UE Context Setup during RRC connection establishment. If MME doesn’t include UE E-UTRA capability in this S1AP message, eNB enquiries UE E-UTRA capability by UE Capability Enquiry message. In both cases, eNB doesn’t know UE E-UTRA capability until RRC Connection Setup Complete is received from UE or later. In current network, UE category 1 is the lowest UE category. So, eNB assumes all the UE is category 1 until UE E-UTRA capability is received. 
In RRC connection establishment, the typical size of RRC Connection Setup message is around 35 bytes in R9, R10 and more than 40 bytes in R11. Considering MAC header and CRC, the typical TBS of RRC Connection Setup message would be more than 360bits in R11. Per table 7.1.7.2.1-1 of 36.213, eNB may assign more than 6 PRB to carry the RRC Connection Setup message with MCS lower than 4. This may lead to RRC Connection establishment failure due to low cost/complexity UE cannot receive the TB on more than 6PRBs.
TS36.213, Table 7.1.7.2.1-1: Transport block size table (dimension 27×110)
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	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	0
	16
	32
	56
	88
	120
	152
	176
	208
	224
	256

	1
	24
	56
	88
	144
	176
	208
	224
	256
	328
	344

	2
	32
	72
	144
	176
	208
	256
	296
	328
	376
	424

	3
	40
	104
	176
	208
	256
	328
	392
	440
	504
	568

	4
	56
	120
	208
	256
	328
	408
	488
	552
	632
	696

	5
	72
	144
	224
	328
	424
	504
	600
	680
	776
	872

	6
	328
	176
	256
	392
	504
	600
	712
	808
	936
	1032

	7
	104
	224
	328
	472
	584
	712
	840
	968
	1096
	1224

	8
	120
	256
	392
	536
	680
	808
	968
	1096
	1256
	1384

	9
	136
	296
	456
	616
	776
	936
	1096
	1256
	1416
	1544

	10
	144
	328
	504
	680
	872
	1032
	1224
	1384
	1544
	1736

	11
	176
	376
	584
	776
	1000
	1192
	1384
	1608
	1800
	2024

	12
	208
	440
	680
	904
	1128
	1352
	1608
	1800
	2024
	2280

	13
	224
	488
	744
	1000
	1256
	1544
	1800
	2024
	2280
	2536

	14
	256
	552
	840
	1128
	1416
	1736
	1992
	2280
	2600
	2856

	15
	280
	600
	904
	1224
	1544
	1800
	2152
	2472
	2728
	3112

	16
	328
	632
	968
	1288
	1608
	1928
	2280
	2600
	2984
	3240

	17
	336
	696
	1064
	1416
	1800
	2152
	2536
	2856
	3240
	3624

	18
	376
	776
	1160
	1544
	1992
	2344
	2792
	3112
	3624
	4008

	19
	408
	840
	1288
	1736
	2152
	2600
	2984
	3496
	3880
	4264

	20
	440
	904
	1384
	1864
	2344
	2792
	3240
	3752
	4136
	4584

	21
	488
	1000
	1480
	1992
	2472
	2984
	3496
	4008
	4584
	4968

	22
	520
	1064
	1608
	2152
	2664
	3240
	3752
	4264
	4776
	5352

	23
	552
	1128
	1736
	2280
	2856
	3496
	4008
	4584
	5160
	5736

	24
	584
	1192
	1800
	2408
	2984
	3624
	4264
	4968
	5544
	5992

	25
	616
	1256
	1864
	2536
	3112
	3752
	4392
	5160
	5736
	6200

	26
	712
	1480
	2216
	2984
	3752
	4392
	5160
	5992
	6712
	7480


Observation 1: RRC Connection establishment may fail because legacy eNB may assign more than 6 PRBs for RRC Connection Setup message and/or RRC Connection Setup Complete message.
 To resolve this issue, paper [2] believes the network shall assume all the UEs to be low cost/complexity UE during RRC connection establishment procedure. This means the 6PRB (1.4MHz) restriction would be applied also to normal UE. Because RRC Connection Setup message doesn’t support segmentation, this restriction forces eNB to use high MCS for all the UEs. This would lead to downgrade in coverage and reliability of RRC connection setup procedure for normal UE. 
Observation 2: Treating all the UEs as low cost/complexity during RRC connection establishment would downgrade the coverage and reliability of RRC connection setup procedure for normal UE. 

The performance of normal UE shall not be compromised due to the introduction of low cost/complexity UE. To avoid the issue of observation 2, the eNB should know the UE is low cost/complexity as early as possible. There are two potential ways for eNB to early detect the low cost UE type.
Option 1: Indicating UE category in RACH preamble, e.g. by different configuration or sequences. The details can be determined by RAN1.
Option 2: Indicating UE category in RRC Connection Request message. To avoid impact to low layers, the spare bit in RRC Connection Request can be used. 
Proposal 1:  Early indicating low cost UE category by RACH Msg 1 or Msg 3 (RRC Connection Request).
In addition to idle to connected transfer, the new RACH indication of option 1 could be used in handover and RRC connection reestablishment. With this indication, adding new bit in UE E-UTRA Capability for the UE category of low cost/complexity UE is not needed. 

Observation 3: If low cost UE category is indicated by RACH Msg1, adding new bit in UE E-UTRA Capability for the UE category of low cost/complexity UE is not needed.
3. Summary and Proposal

Observation 1: RRC Connection establishment may fail because legacy eNB may assign more than 6 PRBs for RRC Connection Setup message and/or RRC Connection Setup Complete message.

Observation 2: Treating all the UEs as low cost/complexity during RRC connection establishment would negatively impact the coverage and reliability of RRC connection setup procedure. 

Proposal 1: Early indicating low cost UE category by RACH Msg 1 or Msg 3 (RRC Connection Request).
Observation 3: If low cost UE category is indicated by RACH Msg1, adding new bit in UE E-UTRA Capability for the UE category of low cost/complexity UE is not needed.
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