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1. Introduction
In this contribution, we give our views on the options being considered by RAN1 for the scheduling and buffering of PDSCH to low-complexity MTC UEs. The nomenclature of the options is taken from that used in the [76-11] email discussion.
2.
Discussion
We consider the classes of PDSCH scheduling options in terms of UE complexity reduction, cell spectral efficiency, impact on eNB scheduling flexibility and specification impact. In general, we note that following direction from RAN#63 to stop work on coverage extension and focus on complexity reduction in Rel-12, RAN1 now has sufficient LC MTC time units available to consider PDSCH bandwidth reduction in detail. 
2.1
UE complexity reduction

C1+U1
Options C1.1/U1.1 do not offer any guaranteed cost reduction. If there is any cost reduction, it is a matter of UE vendor implementation effort. Higher UE vendor implementation effort may result in no decrease in modem cost, or even an increase, even if the one-time complexity of the modem is reduced.

Options C1.2/U1.2 can reduce the (E)PDCCH decoding time, but whether and by how much this is possible again depends on UE vendor implementation effort. In any case, there are already implementation options available to reduce (E)PDCCH decoding complexity, e.g. the LC MTC UE which is also in CE might check high aggregation levels first. Since the reduction of search spaces would have to take account of LC+CE, the removed candidates are likely to be at low ALs, therefore not often saving the PDCCH decoding any time at all; and correspondingly offering no cost reduction.

Option U1.3 (using EPDCCH) does not offer any UE complexity reduction opportunity since EPDCCH lasts for the whole subframe.

C2+U2
Any combination of options in C2 and U2 achieves all the UE complexity reductions available from the Rel-12 WID wrt baseband bandwidth reduction for PDSCH. They have the additional future potential UE complexity reductions of preparing the ground for further work in Rel-13 on RF bandwidth reduction.
C3+U3
Any combination of options in C3 and U3 achieves all the UE complexity reductions available from the Rel-12 WID wrt baseband bandwidth reduction for PDSCH. It is less clear whether they are useful for further UE complexity reductions in Rel-13.
C4+U4
We interpret C4/U4 within the scope of the Rel-12 WID to not affect control channel bandwidth. Therefore, the specification impact here is very limited if the MTC region is chosen carefully. In particular, if it is chosen to span the central region, the specification impact is very light indeed. This is further aided if we relax the PRB limit to e.g. 15 PRBs so that there is a great deal of scheduling flexibility available to low-rate MTC UEs. In this way, options C4/U4 achieve all the UE complexity reductions available from the Rel-12 WID wrt baseband bandwidth reduction for PDSCH. The relationship with RF bandwidth reduction is even stronger and this option could facilitate simplification of further Rel-13 specification changes to realize greater UE complexity reduction.
2.2
Cell spectral efficiency

General
The cell spectral efficiency (CSE) is only impacted at all in subframes where the eNB chooses to serve LC MTC UEs with common and/or unicast transmissions. In other subframes, there is no specific impact due to LC operation. The degree of CSE impact wrt legacy and non-MTC UEs depends on how many PRBs are actually allocated to LC MTC UEs from among the maximum that could be. E.g. if the LC UEs could be scheduled in 15 PRBs, but in this subframe are only scheduled in a total of 7 PRBs, the unused 8 PRBs can be used by the eNB transparently for other UEs.

C1+U1
If options C1.2/U1.2 are used to improve complexity reduction, then depending on which (E)PDCCH candidates are removed, the eNB may have to use a sub-optimal ALs for some LC UEs, increasing blocking probability and potentially resulting in less efficient use of PDSCH resources as a result.
C2+U2
SIB1 options do not increase the size of any message from the eNB. CSE could be affected if more subframes need to contain SIB1 as a result of the times when it is restricted to a limited number of PRBs leading to less frequency diversity. In practice, however, it is unlikely that SIB1 would be sent in all PRBs of the system bandwidth, so the real performance/CSE difference can be negligible.

Other SIB options C2.2.2, C2.2.3, C2.2.4 behave as per SIB1 options wrt CSE. Options C2.2.1 would slightly increase the size of SIB1. However, the real size of a SIB1 transmission can already vary within a very wide range depending on which IEs the operator chooses to include. It is therefore within the operator’s control as to how much, if any, net increase in SIB1 size actually results. For example, if PDSCH resource is extremely limited, it may be possible to optimize the contents of SIB1 during times of the day when LC MTC UEs are in service to account for the slight increase due to this indication. The exact means of signaling in SIB1 can be left to RAN2, but as suggested below it may be possible to re-use the compact or very compact DCI resource allocation signaling methods but copy them into higher layers. In this case, fewer than 15 bits would be needed, and this could be reduced further. Further, the impact on CSE would only occur in subframes where SIB1 is actually sent, which is just 1/40th of all subframes.

RAR options are equivalent to SIB1 options.

Paging options are equivalent to SIB1/RAR options, except for C2.4.4. This would have occasional CSE impact to deliver a new RRC IE. The arguments as to the CSE impact of this are similar to the other SIB options.

Whether it would be necessary to signal the PRB regions for the various common messages separately, or whether a more efficient method is available is a RAN2 matter.

Unicast options generally require some new higher-layer IE(s)/MAC-CE(s) and thus some new PDSCH transmission. But note that these are only needed when the eNB needs to re-arrange the semi-static configuration in the case of U2.1, U2.2, U2.3. There is no CSE impact from U2.5, and there is only impact in the relatively few subframes in which the relevant SIB is sent for option U2.4. Overall, the CSE impact is small or zero in all cases.
C3+U3
As noted elsewhere, there would need to be double transmission of PDCCH for common messages in C3.1, which would tend to reduce CSE if as a result it is not possible to schedule some PDSCHs in a given subframes. If there is instead C3.2 double transmission of PDSCH there is obviously a direct impact on CSE from those transmissions.
C4+U4
Legacy UEs could use some of the PRBs in the MTC region in subframes where they are unused, so the impact on CSE from legacy UEs is not much different to in the case when the MTC UEs are present anyway without a bandwidth restriction. Likewise, if there is enough scheduling flexibility for MTC UEs within the restricted region, e.g. it is 15 PRBs wide, they should not cause more impact to CSE than they would if they were present and operating as normal Rel-11 UEs, since they are usually only receiving small unicast messages.
2.3
eNB scheduling flexibility

General
All the options, whether C or U, have the same basic eNB restriction of a limited number X of PRBs compared to the system bandwidth. The degree of this restriction is dependent on X (particularly if X is increased from the WID value of 6), so the scheduling flexibility is only affected in system bandwidths greater than X.

For common transmissions, eNB flexibility is only limited in subframes where the eNB chooses to allow LC MTC UEs to receive the transmission, i.e. there may be times (of day) when the cell does not send common transmissions to LC UEs, and prefers to prioritize other UEs instead.
C1+U1
In option C1.2/U1.2, if the (E)PDCCH candidates which are removed are those at the lower ALs, then the eNB is forced to use higher ALs even where that may not be necessary, and this tends to degrade PDCCH capacity in the cell, limiting eNB scheduling flexibility. Clearly, a balanced approach would be taken on this, but the need to consider LC and CE in Rel-12 with no further work on CE until Rel-13 could make this difficult to accomplish satisfactorily.
C2+U2
SIB1 options

C2.1.3 has the least eNB scheduling flexibility since the network cannot change the PRB allocations.

C2.1.2 has the greatest eNB scheduling flexibility, since the eNB can change the PRB allocations by sending a new DCI.

C2.1.1 has intermediate flexibility as the MIB is not updated as frequently as a DCI can be, and there will be some limited number of states that can be indicated from the spare MIB bits. 

SIBs excluding SIB1 options
C2.2.2, C2.2.3, C2.2.4 are equivalent to C2.1.2, C2.1.3 and C2.1.1 respectively.

C2.2.1 has flexibility roughly equivalent to using the MIB since, although SIB1 is updatable less often than the MIB, there is the opportunity to using more efficient signaling of PRB allocations with potentially fewer restrictions than might be imposed by a limited number of spare MIB bits. This has a good overall balance between impact and flexibility.

RAR options
eNB scheduling flexibility for these options is the same as for the equivalent SIB1/SIBx options.

It is possible that it may be preferable for the eNB to be able to change RAR scheduling more often than SIB scheduling according to the rate of random access in the cell from LC UEs. In that respect, using the MIB for only RAR scheduling might be more attractive, but commonality of solution for the common messages is also important to limit RAN2 specification work.

Paging options
C2.4.1, C2.4.2, C2.4.3 eNB scheduling flexibility is the same as for the equivalent SIB1/SIBx/RAR options. However, it may be clearer to not use SIBs to indicate Paging resources since when SIBs change, Paging results and the resource alteration would not be accessible to the UE until the new SIBs had been acquired.

C2.4.4, if achievable, could have relatively low flexibility since a configuration provided to UE while CONNECTED could not be updated for the entire time the UE is IDLE.

Unicast options
The eNB scheduling flexibility of U2.1 – U2.5 depends on how often the eNB is able to update the configuration of which PRBs the UE shall buffer. U2.1 and U2.2 allow one update per random access procedure from the UE. U2.3 allows updates at any time. U2.4 allows updates any time the relevant SIB is broadcast. U2.5 does not allow updates except as given in the specification rule.

U2.4 has the additional advantage of needing less pre-definition of PRBs for early messages, i.e. during random access, since the SIBs are acquired prior to cell access. This would tend to increase the eNB flexibility for U2.4 compared to the other U2.X options.
C3+U3
Cross-subframe scheduling, whether via a previous or a following subframe, needs the eNB to consider the (E)PDCCH and PDSCH resource allocations in two subframes jointly for each cross-scheduled UE. This is likely to reduce the overall number of potential resource allocation options in both subframes to ensure that requirements can be met. However, it may not be a significant reduction of eNB flexibility in the case that all the UEs are of the same LC type, e.g. late at night, so that there are not conflicting scheduling requirements to meet simultaneously.

Option C3.1 may present less eNB flexibility than C3.2 due to the limited PDCCH capacity available per subframe and the need to transmit the same DCI twice. This could result in less PDCCH resource being left for unicast messages, for example, reducing the eNB’s freedom to choose aggregation levels and CCEs for them.
C4+U4
The scheduling flexibility restrictions here arise from there being only one region of the system bandwidth in which transmissions to LC MTC UEs could be scheduled. However, as noted above, the eNB can still use any PRBs in this region which are not allocated to MTC transmissions in a given subframe to transmit to non-MTC UEs. If the MTC region is made wide enough, then the loss in flexibility is correspondingly diminished, especially with the reasonable expectation that most MTC transmissions are relatively small and do not need all the PRBs in the MTC region.
2.4
Specification impact

C1+U1
C1.1/U1.1 have minimal specification impact, likely to be a new expectation as to the maximum number of PRBs a LC UE is expected to buffer.

C1.2/U1.2 have evident specification impact to reduce the (E)PDCCH search spaces. With the removal of CE from the Rel-12 WID it is likely that any blind decoding reduction introduced in Rel-12 would have to be re-visited in Rel-13 to ensure the removed (E)PDCCH candidates are not problematic in CE. Indeed, the probability of harm to Rel-13 in making Rel-12 decisions without considering CE in Rel-12 seems high.
C2+U2
For the semi-static, i.e. higher-layer signaled sub-options (C2.X.1, C2.X.4, U2.1, U2.2, U2.3, U2.4), the specification work is mostly in RAN2, with a similar RAN1 impact as identified for C1/U1 options. However, the specification work is significantly common among the various options, and the various places where the BW restriction would be realized. All that is really required is that the eNB is able to signal any given set of X PRBs (where X = 6 at present, but could be 15), or as many of the possibilities as are considered necessary. This amounts to borrowing the physical layer resource allocation message structures into RRC signaling, so the new specification design is not large. We would suggest using Type 2 ‘compact’ resource allocation methods, i.e. those for DCI formats 1A, 1B, 1D, for this purpose as they have a good balance of compactness and flexibility.

There would be no specification work required on the PDCCH to indicate the actual allocation from among the semi-static or predetermined configuration. However, as noted in our contribution R1-140582 in Prague, there is some further advantage in allowing the eNB to use DCI messages sized for the reduced bandwidth rather than the system bandwidth, and this seems like a very natural route to take – providing an additional advantage for C2/U2 options.

For the sub-options using the MIB, agreements would be needed on how many bits to use and how to map them to PRB/TBS/MCS. The mapping is likely to be relatively easy since the TBS/MCS tables already exist and RAN1 and RAN2 together should be able to use the existing DCI rules to extract the most important options from among those currently available. Selecting the PRB allocations could have more options to consider, but some basic rules could be agreed in RAN1 for RAN2 to implement, e.g: it is required to include the central 6 PRBs always; there should be some PRB indications which are distributed; there should be some PRB indications which are localized.

For the pre-determined or specified sub-options (C2.1.3, C2.2.3, C2.3.2, C2.4.3) it would be needed to decide on the specification rules.
C3+U3
Specification impact for C3.1 is mainly from preventing legacy UEs responding to an early PDCCH. New CSS RNTIs would be needed, or distinguishable DCI formats. Associated procedural changes to express the inter-subframe relation of PDCCH to PDSCH would also be required (whether we could re-use the k > 0 agreement from CE is at best FFS in LC). Alternatively, new procedures to handle the double transmission of PDSCH or PDCCH would be needed, with obvious cell spectral efficiency impacts.

C3.2 appears to be the same as C1 in subframes where C3.2 is applicable. If used in conjunction with C3.1 in subframes where C3.2 is not applicable, then the specification impact of both C3.1 and C1 would be implied.

Specification impact for U3 is in the associated procedural changes to express the inter-subframe relation of (E)PDCCH to PDSCH would also be required (whether we could re-use the k > 0 agreement from CE is at best FFS in LC).
C4+U4
Specification impact for C4 and U4 is very simple – it is only needed to agree in RAN1 on which PRBs the UE shall by specification buffer (per subframe). A very simple realization of this is to say that the LC UE shall buffer the central 15 PRBs of the system bandwidth, and the eNB is then expected to arrange all transmission to LC UEs in that region. Such a widened bandwidth could have simplifying advantages for the other evaluation lines also.

There is no legacy UE impact in terms of specification.
3.
Conclusions
In summary, our view is that options C2/U2 represent a good balance between eNB scheduling flexibility, cell spectral efficiency and specification impact and have the significant advantage of achieving the stated complexity/cost reduction objectives of the Rel-12 WID. Options C4/U4 interpreted within the scope of the WID to represent a simple definition of an MTC region of e.g. the central 15 PRBs which contain all transmissions to MTC UEs as well as non-MTC transmissions when the eNB wishes, may however be a very simple but still effective option considering available Rel-12 time. C4/U4 would, like C2/U2, be able to achieve the cost/complexity reduction objective of the WID.
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