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  Introduction

In this document we provide over views on the remaining aspects of low cost/complexity MTC UE category.

· PDSCH scheduling options

· PDSCH PRB restriction

· Supported transmission modes

  Discussion

PDSCH scheduling options

Four scheduling options were proposed in the email reflector discussion ([76-11]) for low cost MTC UE. Options C1/C2/C3/C4 correspond to broadcast PDSCH scheduling (e.g. SIBs, RAR, Paging), and U1/U2/U3/U4 is unicast option corresponding to C1/C2/C3/C4. 

· Option C1: PDSCH within the entire bandwidth scheduled by PDCCH in the same sub-frame 

· Option C2: PDSCH PRB location(s) within a limited number semi-static or predefined PRBs, with PDCCH within same subframe to indicate exact resource allocation

· Option C3: PDSCH within the entire bandwidth scheduled by PDCCH (with cross-TTI scheduling)
· Option C4:  The system bandwidth is split into a 6 PRB band and the remaining part. Low cost UE is specified as to only support the 6 PRB band
We first note that the discussion below assumes that there is a PDSCH PRB restriction for each of the four options. 

C1/U1 provides full flexibility for eNB. Since a UE does not know which RBs contain PDSCH, it has to buffer at least a portion of the subframe until it can decode the DL grant sent in the PDCCH. A UE that decodes the grant early (e.g. within the first slot) can reduce the required post-FFT buffer size by ~50%, thereby saving more cost with C1/U1. 

C2/U2 can incur overhead due to signalling of the PRB restriction. It also imposes restriction on the scheduler, leading to lower performance relative to option C1/U1. 

C3/U3 requires specification of cross-TTI scheduling. Each PDSCH in subframe n is now addressed by two grants (in subframe n for legacy UEs and in subframe n-1 for MTC UEs), effectively doubling the load on PDCCH common search space. C3 leads to scheduler restriction and will affect the performance for both legacy and MTC UEs. U3 would further require changes at least to UL A/N timing and PUCCH resource determination for A/N. Increased scheduler complexity and UE complexity arising from support of cross-subframe scheduling, new HARQ timing, etc.

C4/U4 implies PDSCH can be scheduled with only frequency-localized allocations (limited to a 6 PRB band) unless resource allocation (RA) changes are made to be relative within the 6PRB band (i.e., RA operates as if system bandwidth is 6PRB). It leads to scheduling restriction, lack of frequency-diversity for both PDSCH and EPDCCH. For PDSCH, it also implies that DCI 1C cannot be used for scheduling SIB/paging/RAR (without RA changes) and that only frequency-localized scheduling with DCI 1A is supported. 

From a complexity perspective, C4/U4 would provide better savings and C1/U1 (without early decoding of the grant) would provide the least savings (in relative terms), and C2/U2 and C3/U3 would be somewhere in between the two. However, with C1/U1 and early decoding of the grant, the cost savings gap between C1/U1 and C4/U4 can be reduced further. In any case, given the post-FFT buffer contributes single digit percentage to the overall baseband+RF cost for MTC UE, the cost difference between the various options is likely to be small. We propose to adopt C1/U1 as it provides good balance between specification impact, scheduler impact, performance and cost savings. Note the PRB restriction for PDSCH is a separate topic discussed in the next section. 

Proposal 1: For low cost MTC UE, PDSCH within the entire bandwidth is scheduled by (E)PDCCH in the same sub-frame subject to a PDSCH PRB restriction (Option C1/U1).  

PDSCH PRB restriction
In RAN1#76, it was agreed to maintain the current limit of 2216 bits for receiving SIB/Paging/RAR, and apply the 1000 bit TBS limits to other DL data reception. During Rel-8 RAN1 had sent a LS to RAN2 providing feedback on System Information scheduling [1], indicating that for SIB1, TBS limit is around 450 bits assuming a 12 PRB allocation. Thus, based on the RAN1 LS, it can be observed that maintaining a 6 PRB PDSCH restriction for low cost MTC would not be feasible. Therefore, we propose to increase the PDSCH PRB limit to a reasonable value than 6PRBs. 

The PDSCH PRB limit should also consider the simultaneous reception of various channels (SIB/Paging/RAR along with DL data in a TTI) defined in TS36.302. Therefore, assuming 12 PRBs for SI (per RAN1 LS[1]), and six PRBs are used for unicast PDSCH (scheduling 1000 bits) for the UE, the PDSCH PRB limit should be at least 18 PRBs when not considering other channels (Paging/RAR). It is expected that a low-complexity MTC supports the combinations defined in TS36.302 subject to the constraint of maximum number of PRBs. It can be left up to the UE implementation on how to handle the case when the maximum number of PDSCH PRBs is exceeded. 

Proposal 2: The PDSCH PRB limit for a low cost MTC UE should be increased from six PRBs.

Proposal 3: A low cost MTC UE should be able to receive SIB/Paging/RAR with DL data in given DL subframe as per 36.302 (i.e. no change to Rel-11) subject to the PDSCH PRB restriction.  

Transmission Mode

At the very least, similar to the baseline UE category 1, all transmission modes should be supported for low cost MTC UEs.  It is noted that TM9 could be important to support PDSCH transmission to MTC UEs on MBSFN subframes. 

Proposal 4: Similar to the baseline UE Cat 1, all transmission modes are supported for a low cost MTC UE.
Another minor aspect to consider is the value of K_MIMO for transmission modes 3/4/9/10. The current soft buffer size for the low cost MTC UE would likely to be derived based on eight HARQ processes, 1 TB (max 1000 bits) per HARQ process, and turbo coding rate of 1/3, giving roughly 8 * 3 * 1000 = 24000 soft channel bits. However, for TM3/4/9/10, though the UE can receive only one transport block per TTI, the turbo code rate for the TBS=1000 bits is limited to 2/3 due to K_MIMO=2, leading to slight loss in incremental redundancy gain. This could be fixed by specifying that transport block 2 is always disabled and KMIMO is always set to 1 for low cost MTC. The reserved bits/codepoints corresponding to TB2 being always disabled can be used as virtual CRC to improve (E)PDCCH reliability. 

  Conclusions

We propose the following for low cost MTC UE. 

Proposal 1: For low cost MTC UE, PDSCH within the entire bandwidth is scheduled by (E)PDCCH in the same sub-frame subject to a PDSCH PRB restriction (Option C1/U1).  

Proposal 2: The PDSCH PRB limit for a low cost MTC UE should be increased from six PRBs.

Proposal 3: A low cost MTC UE should be able to receive SIB/Paging/RAR with DL data in given DL subframe as per 36.302 (i.e. no change to Rel-11) subject to the PDSCH PRB restriction.  

Proposal 4: Similar to the baseline UE Cat 1, all transmission modes are supported for a low cost MTC UE.
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