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1. Introduction
In RAN 1 #76bis meeting, some remaining issues other than HD-FDD of low cost MTC were listed [1]: 
Conclusion:

· FFS until RAN1 #77 focusing on at least the following issues:

· Whether or not there is any need/benefits to change PDCCH search space and DCI sizes

· Impact, if any, on ACK/NAK resource allocation

· Whether or not Cat. 0 UEs can be served by eNBs without knowledge of Cat. 0 UEs, and if so, any issues

· Whether or not simultaneous unicast and broadcast is allowed (depending on whether or not there is a decision in RAN2 or not)

· Transmission mode(s) supported by Cat. 0 UEs

· Whether or not EPDCCH is supported

· Whether or not SPS is supported

· Issues, if any, on coverage for TDD with Cat. 0 UEs

· Details of Category 0 to be incorporated into 36.306

In this paper, whether or not low cost MTC UEs can be served by legacy eNB and transmission mode(s) supported by low cost MTC UEs are discussed.
2. Whether low cost MTC UE can be served by legacy eNB or not
Low cost MTC UE operation in legacy eNB was discussed in [2]. The main idea is UE manipulating CQI and BSR/PHR reports in order to encourage legacy eNB to schedule a PDSCH with TBS < 1000 bits and PRB number smaller than the restriction. Based on the agreement in RAN 1 #76bis, there is no PRB number restriction for low cost MTC UE and the only restriction is that TBS for unicast channel is smaller than 1000 bits. 
The UL TBS restriction can be easily handled by UE with a smaller BSR report. However, it is not as easy as for downlink. Manipulation of CQI is proposed in [2] by reporting a small number of “good” subband CQI(s) to encourage eNB to schedule a PDSCH with a small TBS corresponding to a subband for example. Without PRB number restriction, UE still needs to play with subband CQI(s) because even with lowest MCS = 0, eNB still can schedule a large number of PRB (i.e., more than 36 PRBs) and the TBS may exceed 1000 bits. Moreover, eNB only takes the reported CQI as a reference and there is no guarantee that eNB will schedule a less than 1000 bits TBS to the UE. 
Table 7.1.7.2.1-1 [3]: Transport block size table (dimension 27×110) 
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	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	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
	


An HARQ-NACK can be sent to eNB if the scheduled TBS of PDSCH is larger than 1000 bits. With a NACK, eNB may retransmit the same transport block for the UE. But UE still cannot decode it because the transmitted TBS exceeds the UE capability. All the transmission and retransmissions become a waste of resource and energy of eNB. Another option is using DTX. However, with a DTX, eNB will assume UE fails to decode (E)PDCCH so that eNB may increase (E)PDCCH aggregation level and also lower the code rate of PDSCH. However, eNB can lower the code rate by reducing TBS or schedule more radio resources. Therefore, it still cannot guarantee that eNB will schedule a TBS< 1000 bit with a DTX. On the other hand, “fake” NACK or DTX can result in unnecessary resource waste and power consumption, which is harmful to both eNB and UE. 
Observation #1: It cannot guarantee that eNB will schedule a PDSCH with TBS < 1000 bit by manipulating CQI report or by replying NACK or DTX. However, it will be a waste of resource and degrade the system throughput.  
On the other hand, in order to “cheat” legacy eNB into scheduling a smaller TBS, UE needs to be second guess eNB’s behavior in response to “strange” CQI report or ACK/NACK/DTX and so on. For example, a UE needs to prepare for all the cases (e.g., for different system bandwidths, different channel conditions) on how to “cheat on” CQI reporting. It will require additional complexity at UE side. Since there is no guarantee the TBS of scheduled PDSCH will be smaller than 1000 bits, unnecessary NACK/DTX or even RLF may be triggered which will increase UE power consumption. 
Observation #2: It may increase UE complexity and UE power consumption. 
RAN 2 discussed cell selection and reselection. In RAN2 #85, it has been agreed on that: 
“A low cost MTC UE may access a cell only if SIB1 indicates that access of low cost MTC UEs is allowed.”

In RAN2 #85bis, RAN2 further clarified the above agreement and agreed on the proposal # 1 in [4]:
 “LC-MTC UE considers the cell incapable of supporting LC-MTC as barred cell and should not camp on it. (Can discuss whether any of the existing barring mechanism requires further modification)”.
Based on the agreement from RAN2, a low cost MTC UE only can camp on a cell if the cell is capable of supporting low cost MTC. Furthermore, it can only access the cell if SIB1 indicates that access of low cost MTC UEs is allowed. Since the legacy network is incapable of supporting low cost MTC, it considers such cells as barred and is not allowed to camp on. (The definition specified in TS36.304 is “Barred Cell: A cell a UE is not allowed to camp on.”). When the low cost MTC UE finds a suitable cell to camp on, it considers the cells without the indication to be legacy. Those cells are not considered as candidates for cell (re)selection. As a result, UE shall not camp on a legacy network and access to the legacy network is impossible.  On the other hand, a better service can be provided by an eNB when it’s ready to serve a low cost MTC UE with the particular features such as 1000 bit TBS restriction for unicast channel, single Rx, and HD-FDD. The coverage issue of common channels brought in by 1 Rx of low cost MTC UE can be compensated by the “capable” eNB so that a low cost MTC UE with 1 Rx can receive paging as the expectation. Although HD-FDD may be an optional feature for low cost MTC, the cost reduction by HD-FDD is quite attractive and in order to support HD-FDD MTC UE, the network scheduler will need some upgrade anyway. Considering the extra complexity to low cost MTC device, potential larger UE power consumption, potential harmful to the network (e.g., degradation of the throughput, with unclear UE behavior), it is proposed not allow low cost MTC UE to camp on a legacy eNB. 
Proposal #1: Low cost MTC UE should only camp on a cell that is capable and willing to serve for a low cost MTC UE. 
3. Transmission modes(s) supported by low cost MTC UEs
In SI phase, reducing transmission mode supported by low cost MTC was studied [5]. About 2-10% cost reduction can be provided by reducing transmission mode(s). In SI phase, different companies have different assumptions so that the cost reduction varies. The cost reduction may come from several parts, such as [5]:  
“Potential cost reduction with reduced transmission modes may come from removing DMRS based channel estimation if DMRS based precoding is not supported, no PMI computation if PMI feedback is not supported (either CRS or CSI-RS based PMI) and simplified MIMO detection/equalization algorithm.” 
In addition, in SI phase some downlink performance degradation is observed in table 6.7.2.4 in [5]. From the simulation result, the performance degradation seems to be quite serious. On the other hand, the reduction of supported downlink transmission modes may bring link performance loss on PDSCH. Although the bottleneck of downlink is control channel instead of PDSCH, beamforming gain may be still needed to improve the coverage for single Rx for low cost MTC UE. 
Observation #2: Some transmission modes providing beamforming / precoding gain are needed for low cost MTC UEs to improve the coverage and maintain downlink performance gain. 

Table 6.7.2.4: Performance degradation results compared to TM2 [4]
	
	Cell average
	Cell edge

	
	Source 1

[8]
	Source 2

[9]
	Source 3

[10]
	Source 4

[11]
	Source 5

[12]
	Source 1

[8]
	Source 2

[9]
	Source 3

[10]
	Source 4

[11]
	Source 5

[12]

	FDD:

TM6
	3.69%
	NA
	21%
	20%

(2Tx)

40%

(4Tx)
	16.6%

(2Tx)

33.1%

(4Tx)
	15.8%
	NA
	41%
	35%

(2Tx)

63%

(4Tx)
	41%

(2Tx)

82.9%

(4Tx)

	TDD: 

TM7
	18% (4Tx2Rx)
	15.4%

(8Tx1Rx)
	10%

(8Tx2Rx)
	NA
	NA
	46.3%
	43%
	26%
	NA
	NA


TM1 and TM2 are basic transmission modes and shall be supported by low cost MTC UE. For low cost MTC UE with single Rx, only rank 1 can be supported in TM 3 and TM 4,  or as Category 1 UE, UE shall always set RI = 1 in transmission mode 3/4 [6]. TM 5 and TM 6 are MU-MIMO and closed-loop spatial multiplexing respectively. TM 6 may be needed considering the downlink performance. On the other hand, from cost reduction perspective, there is no much difference to support TM 1~6. Some cost saving on channel estimation will be expected by not supporting TM7 based on port 5. TM 8 is DMRS based dual layer transmission with CRS-based CSI feedback. It may be helpful to support single layer TM 8 considering beamforming gain.  TM 9 is up to 8 layer transmission with CSI-RS based CSI feedback. It may not be necessary to support TM 9 for low cost MTC which needs CSI-RS channel estimation and CSI feedback as well as TM 10 is for CoMP. As a result, with the trade-off between cost saving and downlink performance, low cost MTC does not need to support TM 7, TM 9 and TM 10. 
 Proposal #2: Low cost MTC UE does not need to support TM7, TM9 and TM10.
4. Conclusion
In this paper, we analyzed whether or not low cost MTC UEs can be served by legacy eNB and transmission mode(s). Some proposals are made:
Proposal #1: Low cost MTC UE should only camp on a cell that is capable and willing to serve for a low cost MTC UE. 
Proposal #2: Low cost MTC UE does not need to support TM7, TM9 and TM10.
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