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1 Introduction

The low cost MTC UE has the following restrictions [1]:
· Downlink and uplink maximum TBS size of 1000 bits.

· Reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband, while the control channels are still allowed to use the carrier bandwidth. Uplink channel bandwidth and bandwidth for uplink and downlink RF remains the same as that of normal LTE UE.

This contribution discusses some scheduling aspects for low cost MTC UEs given the above restrictions.
2 Discussions
2.1 Reduced Bandwidth

In RAN1#76, we agreed that:
· For PDSCH of the low complexity MTC UEs at least not in coverage enhancement:

· The maximum TBS shall be 1000 bits for unicast transmission on PDSCH.

· The maximum TBS shall be 2216 bits for data types referenced by SI-RNTI, P-RNTI, and RA-RNTI.

It is noted by several companies that in order to support 2216 bits using QPSK, the post FFT buffer size needs to be increased beyond 6 PRBs [2], [3], [4], [5], [6], [7], [8], [9], where most companies suggested to increase it to at least 15 PRBs.  It should be noted that using 15 PRBs at QPSK would still require high coding rate and therefore this may have an impact to legacy cell coverage that used a lower coding rate. 
Observation 1:  In order to support 2216 bits with QPSK, the post FFT buffer size needs to be at least 15 PRBs.

Observation 2: A post FFT buffer size of 15 PRBs may impact the legacy eNB coverage that utilises a lower coding rate.

EPDCCH is introduced in Rel-11 to provide more resources for downlink control channels.  The eNB can configure up to 2 EPDCCH sets where each set can have 8 PRBs.  Therefore EPDCCH is supported in low cost MTC UE, then it would need to buffer up to 16 PRB worth of EPDCCH.  It should be appreciated that this buffer for 16 PRB excludes the buffer required for PDSCH.  If we decide to increase the PDSCH buffer to 15 PRBs, then in order to support EPDCCH an additional 16 PRB worth of post FFT buffer is required (i.e. 31 PRBs in total).
Observation 3: The total post FFT buffer needs to be increased to at least 31 PRBs if EPDCCH is supported by low cost MTC UE.

The cost impact of restricting the UE to 31 PRBs may not be significant but such restrictions would have an impact to the number of networks that the low cost MTC UE can deployed into.  Hence the need of bandwidth reduction should be reconsidered.
Proposal 1: Reconsider the need to have bandwidth restriction.  

Proposal 2: If bandwidth restriction is deemed necessary increase the post FFT buffer size to at least 31 PRBs.
2.2 PDSCH Scheduling
In the email discussion [10] the following options are identified for PDSCH scheduling for the common channels and unicast channels:
· Common channels

· Option C1: PDSCH within the entire bandwidth scheduled by PDCCH in the same subframe

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

· Option C3: PDSCH within the entire bandwidth scheduled by PDCCH (in a different sub-frame)

· 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
· Unicast channels

· Option U1: PDSCH within the entire bandwidth scheduled by (E)PDCCH in the same subframe
· Option U2: PDSCH location(s) within a limited number of semi-static PRBs, with (E)PDCCH within same subframe to indicate exact resource allocation.

· Option U3: (E)PDCCH cross subframe scheduling using C-RNTI
· Option U4: 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
Option C1 for common channel and U1 for unicast channel would have the least impact on the eNB scheduler, which would help to minimize system impact.  One way of achieving this is to buffer only the 1st slot while the low cost MTC UE decodes the PDCCH and then it knows exactly which PRBs to buffer in the 2nd slot.  This may have a small incremental cost in post FFT buffer compared to being able to reduce the number of buffered PRBs already in the first slot, but such cost would be insignificant when economy of scale is achieved.
Option C2 and U2 are semi-static allocations, where the PRB locations are somehow signalled to the low cost MTC UE.  For the SIBs, the PRB locations can be indicated in MIB, predefined, or assumed to be unchanged from previous transmissions, where in all of these proposals, the PRB locations cannot change or cannot change frequently.  The option with the least specification impact is the one where UE assumes that PRB locations of SIBs do not change.  This option can also be applied to paging but not for RAR.  For unicast, the network needs to configure the PRBs that the low cost MTC UE would operate in, which would have impact to the flexibility of the eNB scheduler.
Option C3 and U3 requires cross subframe scheduling which would incur significant impact on the eNB scheduler [11], [12], [13], [14].  Such complexity would lead to higher cost eNB which would discourage deployment of networks capable of supporting low cost MTC UEs.

Option C4 and U4 are a special case of semi-static allocation (i.e. Option C2 and U2) where the PRBs are fixed as a separate band.  It is unclear whether these PRBs can be changed, and, if they cannot be changed, these options would impose even more restriction to the flexibility of the eNB scheduler.

The options that have the least impact to the specifications would be preferable.  Hence we would prefer Option C1 and U1.

Proposal 3: If reduced bandwidth is considered necessary, the PDSCH within the entire bandwidth is scheduled by PDCCH in the same subframe for common and unicast channels.  
Note that with this proposal, any decisions on PDCCH decoding time and which PRBs to buffer in each slot are purely UE implementation matters. 
2.3 Low Cost MTC UE operations in legacy eNB
The TBS and bandwidth restrictions applied to low cost MTC UEs mean that they can operate effectively under eNBs that support low cost MTC UEs.  If these are the only eNBs under which low-cost MTC UEs can operate, low cost MTC UEs would have limited deployment.  Enabling low cost MTC UE to operate under legacy eNBs would be very attractive because:

1) Low cost MTC UEs could be deployed in any network and hence a larger market
2) Market deployment of MTC UEs would be expedited
3) Greater economies of scale would be achieved
Observation 4: It is beneficial and attractive for low cost MTC UE to be able to operate under legacy eNBs.

In order for low cost MTC UEs to operate under legacy eNBs, we need to manage the TBS and bandwidth restrictions at the low cost MTC UE.  Let the TBS limitation be NTBS bits and the PRB restriction be NPRB.
The bandwidth restriction is applicable in the downlink.  The low cost MTC UE is not capable of doing spatial multiplexing and hence only sub-band CQI or UE selected sub-band CQI reports are applicable.  For low cost MTC UEs to operate under a legacy eNB, the UE could report high CQI values for M sub-bands where the total number of PRBs in these M sub-bands are ≤ NPRB.  For the remaining sub-bands, the low cost MTC UE could report the lowest possible CQI values.  This would therefore encourage the legacy eNB to restrict its PRB allocation to NPRB.   The cost of this approach to CQI reporting is that it not only constrains the number of PRBs the eNB can schedule to this UE, but it would also tend to constrain which PRBs the eNB could schedule. 
For the subbands where the UE does not report the lowest possible CQI values, the CQI reflects the MCS that the UE can receive with 10% BLER.  An MCS leading to TBS > NTBS would result in 100% BLER.  Therefore for low cost MTC UE to operate in legacy eNB, for downlink, it would need to report a CQI such that the scheduled TBS would not exceed NTBS.  
If the eNB were to schedule a downlink transport block that exceeded the maximum number of PRBs or TBS of the UE, the UE would NACK the packet and could further reduce its subsequent CQI reports until the scheduled TBS is below the receivable level. 

Similarly in the uplink the low cost MTC UE would need to report a BSR (buffer occupancy) and/or PHR such that the eNB would not allocate PUSCH with TBS > NTBS.
Observation 5: The low cost MTC UE CQI and BSR/PHR reporting can be managed by the low cost MTC UE so that the legacy eNB does not allocate TBS > NTBS and PRB > NPRB.

The legacy eNB may still allocate more PRBs than NPRB despite the UE manipulating the sub-band CQI reporting.  It should be noted that the bandwidth restriction is the restriction on the post FFT buffer and hence it is still possible for low cost MTC UE to decode a PDSCH with PRB > NPRB by puncturing the PRBs that it did not buffer.  The post FFT buffer size would not be specified in the specification since this is an implementation matter.  However, the performance requirements in RAN4 for low cost MTC UE can be based on the assumption that such UEs have a post FFT buffer size of at least NPRB.  Whether the UE meets this requirement with smaller or larger post FFT buffer size (e.g. smaller buffer size but 2 Rx antenna) is up to UE implementation.  
Observation 6: As an implementation option, low cost MTC UEs can decode a PDSCH with PRB > NPRB.
Manipulation of the CQI and BSR/PHR reports is applicable to data transmission.  However for RAR and Message 4 of the RACH process, there is no prior CQI reporting.  To overcome the TBS restriction, it is therefore reasonable to increase NTBS to value that support Message 4.  To overcome the bandwidth restriction, dynamic allocation without cross subframe scheduling is required (i.e. Proposal 3 of this T-doc) and ensure low cost MTC UE is able to decode (e.g. by puncturing) PDSCH with PRB > NPRB.
Proposal 3: Low cost MTC UEs shall be able to operate under legacy eNBs.

Proposal 4: Specify the possibility for low-cost MTC UEs to manipulate CQI and BSR/PHR reports to encourage legacy eNB to schedule TBS ≤ NTBS (and PDSCH PRB ≤ NPRB if NPRB is less than the system bandwidth).
Proposal 5: As an implementation option, low cost MTC UEs are able to decode PDSCH with PRB > NPRB by puncturing PRBs that they did not buffer if NPRB is less than the system bandwidth.

3 Conclusion

In this contribution we discuss some considerations for low cost MTC UE.  We observe:
Observation 1:  In order to support 2216 bits with QPSK, the post FFT buffer size needs to be at least 15 PRBs.

Observation 2: A post FFT buffer size of 15 PRBs may impact the legacy eNB coverage that utilises a lower coding rate.

Observation 3: The total post FFT buffer needs to be increased to at least 31 PRBs if EPDCCH is supported by low cost MTC UE.

Observation 4: It is beneficial and attractive for low cost MTC UE to be able to operate under legacy eNBs.
Observation 5: The low cost MTC UE CQI and BSR/PHR reporting can be managed by the low cost MTC UE so that the legacy eNB does not allocate TBS > NTBS and PRB > NPRB.

Observation 6: As an implementation option, low cost MTC UEs can decode a PDSCH with PRB > NPRB.
And we propose:

Proposal 1: Reconsider the need to have bandwidth restriction.  

Proposal 2: If bandwidth restriction is deemed necessary increase the post FFT buffer size to at least 31 PRBs.

Proposal 3: Low cost MTC UEs shall be able to operate under legacy eNBs.

Proposal 4: Specify the possibility for low-cost MTC UEs to manipulate CQI and BSR/PHR reports to encourage legacy eNB to schedule TBS ≤ NTBS (and PDSCH PRB ≤ NPRB if NPRB is less than the system bandwidth).
Proposal 5: As an implementation option, low cost MTC UEs are able to decode PDSCH with PRB > NPRB by puncturing PRBs that they did not buffer if NPRB is less than the system bandwidth.
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