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1 Introduction
 In RAN1#76bis meeting, the followings were concluded:
	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


 Based on the above conclusions, this contribution discusses and share our views on the remaining low cost MTC issues.
2  Whether or not low cost MTC UE can be served by eNB without knowledge of low cost MTC UE
 The followings are three cases where the low cost MTC UE may exist in network without the knowledge of the existence of low cost MTC UE:
1) When a cell is incapable of supporting low cost MTC UE, or

2) When an eNB has not obtained the UE capability yet, or
3) When a RRC_IDLE UE receives paging channel
For the case 1), RAN2 agreed the followings in RAN2#85 and in RAN2#85bis:

	In RAN2#85:

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:

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)


Therefore, without the need of detailed RAN2 solution, RAN2 has decided that the low cost MTC UE is not served in a cell not supporting low cost MTC UE; therefore, RAN1 will follow the same assumption and no further RAN1 discussion is needed.
For the case 2), RAN2 agreed the following in RAN2#85bis:

	The UE does not indicate its low complexity capability in Msg1, Msg3 or Msg5. It is only part of the normal UE capabilities.


If an eNB does not recognize the low cost MTC UE having a single Rx capability, for RAR, the eNB may

· schedule all RARs assuming the target UEs might be low cost MTC UEs

· In this case, the network would consume more resources (e.g. lower coding rate) to compensate the performance loss due to single Rx chain.

· or schedule all RARs assuming the target UEs might not be low cost MTC UEs

· In this case, low cost MTC UE may experience a higher error rate due to single Rx capability which results in higher random access re-attempt rate.

Therefore, it may be argued that the recognition of low cost MTC UE may be needed in Msg1. However, it should be noted that additional delay may be acceptable for delay tolerant low cost MTC UE. Furthermore, eNB may take these factors into account to strike a balance between resource consumption and random access successful rate for low cost MTC UEs. In any case, RAN1 should follow RAN2 agreement on this aspect.
For the case 3), it may be argued that there are some benefits if an eNB knows in advance that a paging message is intended for low cost MTC UE. In this case, eNB can perform the proper link adaptation so as not to waste the resources. However, even if eNB does not recognize the low cost MTC UE, this would merely cause slightly higher paging loss rate in the worst case, which may not have significant impact on low cost MTC UE.
On the other side, knowing UE capability before Paging would affect S1 Application Protocol (S1AP). The UE capabilities are sent from MME to eNB during S1AP initial Context Setup which is sent after Paging. Therefore, if RAN needs to know low cost MTC UE before Paging, S1AP Paging message needs to be updated.

In WID [1], it is stated that there is no impact on CN. However, if S1AP needs to be updated, the specification impact on CN may be unavoidable. Although the impact may be limited, it is out of the current WID scope. Therefore, we should not consider the case that eNB needs to know low cost MTC for paging purpose.
Proposal 1: There is no need for eNB to know low cost MTC UE except a part of the normal UE capabilities.
3 Parallel reception of simultaneous physical channels
 As specified in [2], it is mandatory to consider the following reception types:
· For RRC_CONNECTED UE:

· PBCH+SI-RNTI+(RA-RNTI/TC-RNTI/C-RNTI, or PDCCH order)

· For RRC_IDLE UE:

· PBCH+SI-RNTI+P-RNTI

 In RAN2#85, it was agreed:
	If the UE is not able to receive multiple Transport Blocks within a subframe due to max TBS and/or bandwidth limitation, it’s up to UE implementation which TB to prioritize.


Based on the RAN2 agreement, it is understood that the multiple TBs reception may not always be possible for low cost MTC UE. In such a case, TB prioritization is up to UE implementation.
It does not necessarily mean that the network shall consider low cost MTC UE to avoid parallel TB reception. Therefore, in principle, there would not be a restriction in eNB. In addition, it might not be possible that eNB knows low cost MTC UE when transmitting SI and Paging for RRC_IDLE UE. As this is entirely in the scope of RAN2 discussion and RAN2 already made an agreement, RAN1 does not need to duplicate and discuss the simultaneous TB reception issue.
Proposal 2: There is no need for RAN1 to discuss parallel TB reception which is up to UE implementation, per RAN2 agreement.
4 Transmission mode and EPDCCH
 The benefits of specifying DM RS based TM and/or EPDCCH for low cost MTC UE are not clear. The following aspects are discussed on relevant TMs and EPDCCH aspects:
· EPDCCH:

· It is well known that the performance of distributed EPDCCH is worse than that of PDCCH due to the degraded channel estimation performance (e.g. by ~3dB SNR [3]). As the use case of EPDCCH might be limited to localized transmission, the additional complexity of supporting EPDCCH implementation (e.g. for CSS and for non-EPDCCH subframe) should be clearly justified by significant performance gain.
· According to the WID, “Reduced downlink channel bandwidth for control channels in baseband could also be considered if EPDCCH with CSS is already considered in Rel-12 timeline by other work.” Given that the CSS for EPDCCH is not considered at RAN1 by other WIs (e.g. NCT or SCE PHY), it is clearly out of current MTC WID scope and it is unnecessary to consider EPDCCH for low cost MTC.

· Considering the recent agreement on no PRB restriction, the benefit of EPDCCH which can potentially reduce the post-FFT buffer size is not valid any more.
· TMs:

· TM1/2 are needed as the basic TMs for backward compatibility.

· TM3/4/5/6 are not essential since MIMO is not supported for low cost MTC UE.

· To support DM-RS based TM, i.e, TM7/8/9/10, the low cost MTC UE needs to implement additional channel estimator for DM-RS and CSI-RS (for TM9/10) in addition to the CRS based one, which would introduce additional implementation cost. 
· The performance gains with TM8/9/10 are unclear and have not been studied since low cost MTC UE does not support spatial multiplexing.
 It is also worth noting that the low cost MTC UE does not have to support all features of the previous release given that the low cost MTC is not backward compatible at least based on the agreed TBS restriction – there is no way for an already deployed eNB to recognize the low cost MTC UEs (this aspect is also discussed in Section 2 in terms of cell barring).

Based on the discussions in this Section, it is proposed that DM-RS based transmission such as EPDCCH and TM9/10 is not supported for low cost MTC UE in Rel-12. Therefore, only TM1 and TM2 are supported for low cost MTC UE.
Proposal 3: Only TM1 and TM2 are supported for low cost MTC UE.

Proposal 4: EPDCCH is not supported for low cost MTC UE.
5 Details of low cost MTC UE for TS36.306
The total number of soft channel bits is calculated as follows for low cost MTC UE assuming maximum 1000 TBS:
· Total soft channel bits: R*(1/mother coding rate)*C*(max HARQ processes) = 1056*3*1*8=25344

· where

· Max TB per TTI: 1000 bits

· TB size per codeword (B): 1000

· Number of codeblocks (C): Ceil{(B+24)/(6144-24)}=1

· TB size together with CRC (B’): (B+24)=1024

· Number of encoded bits per output stream (D): B’+4=1028
· Sub-block interleave size (R): Ceil{D/32}*32=1056
Note that the calculation is based on FBRM (Full Buffer Rate Matching) with 8 HARQ processes. If LBRM (Limited Buffer Rate Matching) is adopted, the total number of soft channel bits can be reduced to 12672 (25344/2).
In Rel-8, LBRM was introduced for category 3, 4, and 5. In principle, there is no performance loss between LBRM and FBRM: 
· when TBS is equal to or smaller than (TBS_max/2), or 
· when the UE is operating around SNR point [4][5], or
· when effective coding rate is equal to or greater than (2*TBS)/(3*TBS_max) – with CC (Chase Combining) or for initial transmission only with IR (Incremental Redundancy) 
Figure 1, Figure 2 and Figure 3 illustrate the performance comparison between FBRM and LBRM in terms of initial transmission BLER and normalized throughput for QPSK, 16QAM and 64QAM, respectively. The simulation model and parameters are summarized in the Appendix. In the simulations, two TBS sizes are considered: 500 and 1000 bits, which correspond to effective coding rates of 1/3 and 2/3, respectively. From the plots, it can be observed that BLER performance difference for initial transmission between FBRM and LRBM is negligible, which is aligned with our analysis as mentioned above. In addition, as expected, when considering the operating SNR points (assuming 10% BLER in the left plots), no throughput performance degradation is observed for LBRM. 
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Figure 1. Performance comparison between FBRM and LBRM: QPSK
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Figure 2. Performance comparison between FBRM and LBRM: 16QAM
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Figure 3. Performance comparison between FBRM and LBRM: 64QAM
Proposal 5: The total number of soft channel bits for low cost MTC UE is 12672.
6 Conclusions
 This contribution discusses the remaining aspects on low cost MTC. As conclusions, the following proposals are summarized:
Proposal 1: There is no need for eNB to know low cost MTC UE except a part of the normal UE capabilities.

Proposal 2: There is no need for RAN1 to discuss parallel TB reception which is up to UE implementation, per RAN2 agreement.
Proposal 3: Only TM1 and TM2 are supported for low cost MTC UE.
Proposal 4: EPDCCH is not supported for low cost MTC UE.
Proposal 5: The total number of soft channel bits for low cost MTC UE is 12672.
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Appendix: Simulation Assumptions
	Parameter
	Value

	Bandwidth
	10MHz

	Carrier Frequency
	2GHz

	Frame Type
	FDD

	Transmission
	TM2

	MIMO Configuration
	2x1 with low correlation

	Channel Model 
	EPA

	Doppler Shift
	1Hz

	Target BLER
	10%
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