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Discussion/Decision
1
Introduction
In RAN1 #76 meeting, PDSCH scheduling for LC-MTC UE with limited bandwidth was discussed for both broadcasting channel and unicast channel [1]. The discussion was continued in RAN1 reflector [2] and following options were listed as an outcome:

Common channels

· 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 

· 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 transmissions

· 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. 

In this contribution, we discuss on the PDSCH scheduling options for both broadcasting channel and unicast traffic to narrow down the options for further progress.
2
Discussion
The pros and cons of the abovementioned PDSCH scheduling options for common channels and unicast transmission were discussed in RAN1 reflector [76-11] in the viewpoints of cost saving, spectral efficiency, UE complexity, eNB scheduling flexibility, specification impact, so forth.
The main objective of the LC-MTC WI is to reduce the cost of UE working in LTE network by relaxing throughput and delay requirements. Therefore, the cost saving metric should be prioritized high than other metrics for narrowing down the options as long as the option is implementable with reasonable specification impact. Also, the cost saving should be focused on UE rather than eNB since it is expected that a large number of MTC device could be served by a single Macro, thus saving a little for the low cost UE may result in significant cost saving in the end.
Proposal 1: cost saving metric should be prioritized high to evaluate the options
Since there are four options each for common channel and unicast traffic, all possible combination would be 16 options. Although the pros and cons of the options are different according to the channel, it would be beneficial to use the same PDSCH scheduling option for both common channels and unicast traffic in order to simplify the UE implementation complexity which may be related to the cost saving as well. Therefore, a single option can be adopted among the four combined options C1-U1, C2-U2, C3-U3, and C4-U4 to minimize the implementation complexity and reduce the cost.
Proposal 2: adopt the same option for both common channel and unicast traffic
Among the four options C1-U1, C2-U2, C3-U3, and C4-U4, the option C1-U1 may provide least cost saving as a UE needs to buffer whole system bandwidth until it finishes corresponding PDCCH decoding in the same subframe. The PDCCH decoding time may go up to the first time slot even though the search space is reduced since the most of time for PDCCH decoding will be consumed for channel estimation and others so that the search space reduction may not be helpful to reduce the PDCCH decoding time. On the other hand, the other options may provide the cost saving amount captured in TR from the bandwidth reduction.
Observation 1: the option C1-U1 may provide least cost saving as compared with the other options

From the spectral efficiency perspective, the option C1-U1 and C3-U3 may allow full flexible frequency selective scheduling which may allow highest spectral efficiency for the category 0 UE. However, this benefit may be only applicable for the unicast traffic since the channel dependent scheduling is inappropriate for common channel. Also, since it has been agreed to relax throughput performance to achieve cost reduction, the spectral efficiency may not be so much important than the other aspects. Therefore, the spectral efficiency should be low prioritized as its benefit is limited to unicast traffic and the WI is not focusing on higher spectral efficiency.
Observation 2: spectral efficiency aspect should be low prioritized than the other aspects

From the specification impact viewpoint, the option C1-U1 requires least standard efforts as eNB and UE behaviors are the same for the other UE categories for PDSCH scheduling except that eNB needs to make sure that up to 6 PRBs is used to schedule the LC-MTC UE in a subframe. The option C2-U2 may require specifying higher layer signaling to indicate the set of PRBs used for the scheduling which seems to be also reasonable specification impact. The option C4-U4 only requires defining the limited bandwidth location for LC-MTC UE which is reasonable specification impact as well but this option may result in high blocking probability since all LC-MTC UE need to be scheduled in the limited bandwidth. The options C3-U3 may require relatively higher specification impacts since it may require defining new timing relationship for PDCCH and PDSCH and studying PUCCH resource collision issue.

Observation 3: option C1-U1 requires least specification impact and option C2-U2 and C4-U4 have reasonable specification impacts

From the observations, the option C1-U1 provide least cost saving while it requires minimum specification impact and allows fully flexible frequency selective scheduling; the option C2-U2 provide full cost saving from bandwidth reduction and requires reasonable specification impact; The option C3-U3 provide full cost saving from bandwidth reduction and highest spectral efficiency but requires relatively high specification efforts; the option C4-U4 provides full cost saving from bandwidth reduction and requires reasonable specification impact while it may have PDSCH scheduling blocking issue due to crowded spectrum. Given that cost saving aspect is prioritized high and specification impact should be acceptable, the option C2-U2 seems to be a proper choice.
Proposal 3: adopt option C2-U2 for the PDSCH scheduling of LC-MTC UE

3
Conclusion
In this contribution, we discussed on the PDSCH scheduling options for common channel and unicast traffic of LC-MTC UE. From the discussions and observations, we propose followings:
Proposal 1: cost saving metric should be prioritized to evaluate the options
Proposal 2: adopt the same option for both common channel and unicast traffic

Proposal 3: adopt option C2-U2 for the PDSCH scheduling of LC-MTC UE
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