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Discussion and Decision
1
Introduction
It was agreed in [1] that one of the objectives of Rel.13 MTC is to specify a new Rel-13 low complexity UE category/type for MTC operation in any LTE duplex mode (full duplex FDD, half duplex FDD, TDD) based on the Rel-12 low complexity UE category/type supporting the following additional capabilities, 
· Reduced UE bandwidth of 1.4 MHz in downlink and uplink.

· Bandwidth reduced UEs should be able to operate within any system bandwidth.

· Frequency multiplexing of bandwidth reduced UEs and non-MTC UEs should be supported. 

· The UE only needs to support 1.4 MHz RF bandwidth in downlink and uplink.

· The allowed re-tuning time supported by specification (e.g. ~0 ms, 1 ms) should be determined by RAN4.

· Reduced maximum transmit power.

· The maximum transmit power of the new UE power class should be determined by RAN4 and should support an integrated PA implementation.

· Reduced support for downlink transmission modes.

· The following further UE processing relaxations can also be considered within this work item:

· Reduced maximum transport block size for unicast and/or broadcast signalling.

· Reduced support for simultaneous reception of multiple transmissions.

· Relaxed transmit and/or receive EVM requirement including restricted modulation scheme. Reduced physical control channel processing (e.g. reduced number of blind decoding attempts).

· Reduced physical data channel processing (e.g. relaxed downlink HARQ time line or reduced number of HARQ processes).

· Reduced support for CQI/CSI reporting modes.
Based on these objectives, we give our analysis on the technical details of bandwidth reduction, maximum TBS reduction, restricted modulation scheme and the reduced supported CQI/CSI reporting modes.  
2
Discussion
As was estimated in [2], there will be about 50 billion connective devices that will be deployed by 2020. As a result, it is expected that the network needs to be developed to support large number of devices used for MTC. Considering that only 1.4MHz DL/UL bandwidth (regardless of system bandwidth) will be allocated to each MTC UE, which can only accommodate limited traffic within such bandwidth, it is reasonable that the network should support to have multiple 1.4MHz bandwidth units allocated in one subframe, thus can provide enough amount of resources for MTC UEs’ scheduling. 
Proposal 1: It is reasonable that the network should support to have multiple 1.4MHz DL/UL bandwidth units available in one subframe to transmit the data packets for MTC UEs.
Based on this proposal, one corresponding issue is how UE knows which 1.4MHz DL/UL bandwidth unit it should be camped on. There can be multiple alternatives for such allocation, 
· Alternative1: The available DL/UL units are paired in advance. Each pair is predefined by a unique index, which is transmitted in the broadcasting signal. Based on such kind of indexing, the eNB allocates a specific pair to the UE through RRC signalling.

· Alternative2: The broadcasting signal only indicates the available DL and UL 1.4MHz units, without defining the pairing relationship. Which DL and UL units are used for a specific UE is indicated by UE specific RRC signalling. 

· Alternative3: The broadcasting signal only indicates the available DL and UL 1.4MHz units, which DL and/or UL 1.4MHz unit is used for downlink/uplink transmission for a specific UE is indicated by (E)PDCCH, e.g., using DL-grant and/or UL-grant.
This above broadcasting signal in each alternative can be transmitted always in central 6 PRB pairs. UE can anyway camp on the central 6PRBs using the legacy procedure when doing initial access. Then after that eNB can allocate a DL/UL bandwidth to the UE using one of these alternatives, depending on which will be accepted. Besides, it is noted that alternative 3 can be together used with either alternative 1 or alternative 2, so that network can support both semi-static and dynamic bandwidth unit allocation. 
In addition, it should be considered whether to support asymmetric DL and UL bandwidth unit allocation for MTC UEs. Fig.1 gives an example, where in (a), the DL and UL units are one-to-one mapped, while in (b), it supports two DL units mapped to same UL unit. The asymmetric DL and UL allocation is suitable if the traffic load of DL and UL MTC services are asymmetric, and it can avoid resource fragmentation to some extent. Reducing resource fragmentation is especially important for UL, in order to achieve consecutive resource allocation for other non-MTC UEs. However, the asymmetric DL and UL allocation may introduce more complexity from RF implementation point of view. It needs careful study on whether such kind of allocation is beneficial or not.
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Fig.1 DL/UL bandwidth unit allocation

Proposal 2: It is FFS whether to support asymmetric DL and UL bandwidth allocation for MTC UEs.
Rel.12 support maximum 1000 bits TBS. In order to further reduce the processing complexity of MTC UEs, it was proposed in the WID to have much smaller maximum supported TBS. This maximum supported TBS for Rel.13 MTC UEs can be for example 200 bits. It should be noted that the reduction of the maximum supported TBS may also means to limit the supported modulation orders and coding rates, taking into account that TBS is implicitly decided by the IMCS and the allocated NPRB (see the Annex of the TBS for maximum 6PRB pairs resource allocation in current specification). It is observed that with the limitation of the maximum supported TBS, the supported MCS levels for each possible resource allocation (i.e., from 1 PRB pair to 6 PRB pair) is different. The reduction of the supported MCS further impacts the CQI feedback, that the supported CQI entries in the CQI table can be correspondingly limited based on the supported MCS levels. 
Proposal3: RAN1 shall firstly decide the maximum supported TBS. Then based on that, the available MCS for data transmission can be determined. Also the corresponding CQI entries in the CQI table that are for feedback can be decided.
For coverage enhancement MTC UEs, the TBS also needs to be known by the MTC UEs in order to do the decoding. Given the factor that coverage enhancement UEs may not need to feedback any CQI (always lowest CQI index will be deduced following current channel measurement procedure), eNB may correspondingly use lowest modulation order (i.e., QPSK) to transmit data packet. In this case, the TBS could be always determined jointly by the lowest MCS level and the allocated PRBs. Whether eNB can use other MCS/TBS for data transmission for coverage enhancement UEs is FFS. 
Proposal4: For coverage enhancement MTC UEs, the TBS could be always determined jointly by the lowest MCS level and the allocated PRBs. Whether eNB can use other MCS/TBS for data transmission for coverage enhancement UEs is FFS.
3
Conclusion

In this contribution, we have the following proposals, 

Proposal 1: It is reasonable that the network should support to have multiple 1.4MHz DL/UL bandwidth units available in one subframe to transmit the data packets for MTC UEs.

Proposal 2: It is FFS whether to support asymmetric DL and UL bandwidth allocation for MTC UEs.
Proposal3: RAN1 shall firstly decide the maximum supported TBS. Then based on that, the available MCS for data transmission can be determined. Also correspondingly the CQI entries in the CQI table that are for feedback can be decided.
Proposal4: For coverage enhancement MTC UEs, the TBS could be always determined jointly by the lowest MCS level and the allocated PRBs. Whether eNB can use other MCS/TBS for data transmission for coverage enhancement UEs is FFS.
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Annex. 
Table.1 TBS table for Maximum 6PRB pair resource allocation in current spec.
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	1
	2
	3
	4
	5
	6

	0
	16
	32
	56
	88
	120
	152

	1
	24
	56
	88
	144
	176
	208

	2
	32
	72
	144
	176
	208
	256

	3
	40
	104
	176
	208
	256
	328

	4
	56
	120
	208
	256
	328
	408

	5
	72
	144
	224
	328
	424
	504

	6
	328
	176
	256
	392
	504
	600

	7
	104
	224
	328
	472
	584
	712

	8
	120
	256
	392
	536
	680
	808

	9
	136
	296
	456
	616
	776
	936

	10
	144
	328
	504
	680
	872
	1032

	11
	176
	376
	584
	776
	1000
	1192

	12
	208
	440
	680
	904
	1128
	1352

	13
	224
	488
	744
	1000
	1256
	1544

	14
	256
	552
	840
	1128
	1416
	1736

	15
	280
	600
	904
	1224
	1544
	1800

	16
	328
	632
	968
	1288
	1608
	1928

	17
	336
	696
	1064
	1416
	1800
	2152

	18
	376
	776
	1160
	1544
	1992
	2344

	19
	408
	840
	1288
	1736
	2152
	2600

	20
	440
	904
	1384
	1864
	2344
	2792

	21
	488
	1000
	1480
	1992
	2472
	2984

	22
	520
	1064
	1608
	2152
	2664
	3240

	23
	552
	1128
	1736
	2280
	2856
	3496

	24
	584
	1192
	1800
	2408
	2984
	3624

	25
	616
	1256
	1864
	2536
	3112
	3752

	26
	712
	1480
	2216
	2984
	3752
	4392
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