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Discussion
1 Introduction
This document summarizes the email discussion [76-11] with the high level objective to further clarify the trade-offs between the different options for PDSCH scheduling methods for Low Cost UEs not in coverage enhancement.
2 Scheduling Options for Low Cost UEs not in coverage enhancement 
Common channels

· Option C1: PDSCH within the entire bandwidth scheduled by PDCCH in the same sub-frame (At least, one sub-option below should be selected) 
· C1.1 Keep the same number of blind decoding trials 
· C1.2 Reduce PDCCH blind decoding trials
· 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 (At least, one sub-option in each category below should be selected) 
· SIB1 Options

· C2.1.1 SIB1 PRB’s location is indicated within MIB

· C2.1.2 The UE assumes PRB locations based on the previous DCI to assign the previous SIB1 
· C2.1.3 PRB location is pre-define in the standard
· SIBs (excluding SIB1) Options
· C2.2.1 PRB location is indicated within SIB1

· C2.2.2 The UE assumes PRB locations based on the previous DCI to assign the SIB within the same or a previous SI-window.
· C2.2.3 PRB location is pre-define in the standard

· C2.2.4. PRB’s location is indicated within MIB

· RAR(Msg2) Options
· C2.3.1 PRB location is indicated within a SIB
· C2.3.2 PRB location is pre-define in the standard

· C2.3.3 PRB’s location is indicated within MIB

· Paging Options
· C2.4.1 PRB location is indicated within a SIB
· C2.4.2 The UE assumes PRB locations based on the previous DCI to assign the previous page

· C2.4.3 PRB location is pre-define in the standard

· C2.4.4 PRB location is RRC configured

· Option C3: PDSCH within the entire bandwidth scheduled by PDCCH (At least, one sub-option below should be selected)
· C3.1 PDCCH is in the previous sub-frame with a method to avoid impact to legacy UE such as using new cell common RNTI, a new DCI with different payload size,  when sharing PDSCH with normal UEs.
· C3.2 PDSCH is in the sub-frame following PDCCH when sharing PDCCH with normal UEs.
· 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 (At least one sub-option in each category below is should be selected)
· Blind Decoding
· U1.1 Keep the same number of blind decoding trials 
· U1.2 Reduce PDCCH blind decoding trials
· Scheduling Channel
· U1.3 Using PDCCH 

· U1.4 Using ePDCCH

· Option U2: PDSCH location(s) within a limited number of semi-static PRBs, with (E)PDCCH within same subframe to indicate exact resource allocation .   (At least one sub-option below is required to be implemented for low cost UE)
· U2.1 RAR(Msg2) assigns the semi-static PRB location for the LC UE 
· U2.2 Msg4 assigns the semi-static PRB location for the LC UE, and PRBs for Msg4 are pre-defined or configured 
· U2.3 A RRC message later than Msg4 assigns semi-static PRB location, and PRBs for PDSCH before and including the RRC message  indicating semi-static PRB location are pre-defined or configured
· U2.4 SIB broadcasts indication(s) of one or more than one set of semi-static PRB location(s). If more than one set, a specification rule links each UE to one set of semi-static PRB locations, e.g. according to a UE identity.

· U2.5 Specifications define one or more than one set of semi-static PRB location(s). If more than one set, a specification rule links each UE to one set of semi-static PRB locations, e.g. according to a UE identity.

· 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. 
3 Annex: Detailed Company Views of Trade-offs for Each Option

Each company was given the opportunity to provide a % cost saving (as defined in TR 36.888) for each option and to provide a ranking from 1 (Best) to 10 (worst) for the following categories:  spectral efficiency, UE complexity, UE power consumption, eNB complexity, eNB scheduling flexibly, and specification impact. The companies can also provide justification for their rankings. In addition, companies can provide evaluation points in the miscellaneous section.
3.1 Panasonic
Spectral Efficiency:

C1 > C3 > C2 > C4 (Left side is better)

U1 = U3 > U2 > U4 (Left side is better)

· C1/U1 is the most efficient as no additional PDCCH/PDSCH is required and full flexibility on the resource allocation. 

· C3 allows full scheduling but for C3.1 additional PDCCH cost in common search space is increased. Common search space is already congested and it could prevent efficient operation for other than low cost UEs. For C3.2 additional PDSCH is needed which decreases the spectrum efficiency.

· U3 has the same spectrum efficiency with U1 as no additional PDCCH/PDSCH is required and full flexibility on the resource allocation.

· C2/U2 restricts the allocation of PDSCH position, which decreases the spectrum efficiency. It is especially in U2 where dynamic frequency domain scheduling is prevented. 

· C4 is worst as it duplicates PDCCH/PDSCH usage. The lack of the frequency diversity could reduce the coverage of the common channels.

· U4 has more restriction on the allocation of PDSCH compared with U2.

UE complexity (Base band HW size reduction):
C4 > C2 = C3 > C1 (Left side is better)

U4 > U2 = U3 > U1 (Left side is better)

· C4/U4 can minimize the complexity as the buffering is minimized.

· C2/U2 and C3/U3 can save PDSCH buffer size up to certain PRB bandwidth.

· C1/U1 requires full bandwidth but would be able to save in time domain depending on PDCCH decoding time. And we don't think to reduce PDCCH blind decoding trial reduces PDCCH decoding time dramatically. 

UE complexity (Including SW modification and test cost. This is also related to time to the market.):
C1=C4 > C3 > C2 (Left side is better)

U1=U4 > U3 > U2 (Left side is better)

· C1/C4/U1/U4 does not require the modification of UE level behaviour compared with normal UEs.

· C3/U3 behaviour is simple in basic case.

· C2/U2 would require more interaction between RRC and L1/L2, which means more test efforts.

UE power consumption:
C4 >= C1= C2 > C3 (Left side is better)

U4 >= U1=U2 > U3 (Left side is better)

· C4/U4 could reduce bandwidth and time to wake up in DRX. The power reduction contribution to bandwidth is limited. Therefore, similar to C1/C2/U1/U2.

· C1/U1 and C2/U2 requires waking up only on necessary subframes.

· C3/U3 would require waking up on more subframes than normal UEs in DRX.

eNB complexity:
C1=C4 > C3 > C2 (Left side is better)

U1=U4 > U3 > U2 (Left side is better)

· C1/C4/U1/U4 does not require the modification of system level behaviour.

· C3/U3 behaviour looks simple in basic case but brings more complexity to eNB’s combined scheduling of PDCCH and PDSCH.

· C2/U2 would require more interaction between RRC and L1/L2. The semi-static resource usage also makes scheduler more complex. These contribute more complexity to eNB.

eNB scheduling flexibly:
C1 = C3 > C2 > C4 (Left side is better)

U1 >= U3 > U2 > U4 (Left side is better)

· C1 and C3 can have full flexibility on the allocation.

· U3 has full flexibility on the allocation but the different timing between PDCCH and PDSCH makes scheduling more complex.

· C2/U2 has limited allocation.

· C4/U4 has the most restriction.

Specification impact:
C1 = C4 >> C3 = C2 (Left side is better)

U1 = U4 >> U3 = U2 (Left side is better)

· C1/U1 and C4/U4 is almost no specification impact.

· Basic case of C3/U3 would be simple but when the interaction with other feature like eICIC, eIMTA , CoMP and so on, which subframe is "previous subframe" will be very complicated discussion. The modification on DRX, measurement gap, and potential HARQ time line change are required.

· C2/U2 requires several rules. What part is semi-statically indicated and what part is rule based needs more discussion. In addition, C2/U2 has many sub-options, which mean to select one need more standardization efforts.

Summary
· Taking into account above points, C1+U1 combination looks best choice.

3.2 Sony

3.2.1 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 realise greater UE complexity reduction.
3.2.2 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 signalling 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 signalling 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.
3.2.3 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 prioritise 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 signalling 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. Since we understand C4/U4 within the Rel-12 WID scope as not including control channels into the MTC region,  .
3.2.4 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 signalled 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 realised. 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 signalling, 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 localised.

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 realisation 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.

3.2.5 Summary
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
3.3 Sierra Wireless

% Cost Saving vs Single band CAT 1 UE:

· C2+U2, C3+U3, C4+U4

7.4% - Post FFT Buffer is 10% total UE cost and ~11/14*0.94 of the buffer can be saved

· C1.2+U1.2+U1.3

5.4% - Post FFT Buffer is 10% total UE cost and ~8/14*0.94 of the buffer can be saved

· C1.1+U1.1+U1.3

1-4% - Post FFT Buffer is 10% total UE cost and between (~1->6)/14*0.94  of the buffer can be saved but depends highly on UE implementation

· Cx+U1.4 

0% t seems unclear how Post FFT Buffer can be saved when ePDCCH is used

Spectral Efficiency (Rank 1 best, 10 worst):

· C1.2
2 – Depends on how blind decoding is reduced 

· C2.2.1
5 – IE in SIB1 will need to be added, SIB1 repeats often, to maintain SIB ECR more RB are needed

· C2.3.1
3 - IE in e.g. SIB2 will need to be added

· C2.4.4
2 –additional RRC config needs to be sent

· C3.1
7 – An additional PDCCH DCI is sent for every message on CSS

· C3.2
8 – An additional PDSCH message is sent for every message on CSS

· All other Cx options should have small or no spectral efficiency degradation – rank 1
· U1.2
1 – Depends on how blind decoding is reduced, only affect LC UE traffic

· U2.1
3 - RAR message size would increase to add semi static for all UEs (not sure how this would work) or PRACH collision would go up b/C LC UE need dedicated codes

· U2.2
2 – msg4 grows, semi static defining PRBS for msg2 and msg4 reduce freq selective fading options for eNB

· U2.3
3 – additional RRC signalling, semi static defining PRBS for initial RRC signalling, msg2 and msg4 reduce freq selective fading options for eNB

· U2.4
2- SIB size will increase

· All other Ux options should have small or no spectral efficiency degradation – rank 1
UE complexity:

· C1/U1
1 –minimal changes 

· C2/U2 
6 – more RRC signalling and  L1/L2

· C3/U3 
3 – different but simple changes

· C4/U4
1 - minimal changes

UE power consumption:

· C1/U1
1 

· C2/U2 
3 – more signalling, take longer to acquire SIBs

· C3/U3 
1 

· C4/U4
1 

eNB complexity:

· C1/U1
1 

· C2/U2 
4 – more signalling and L1/L2 interaction

· C3/U3 
5 - more complexity to eNB’s combined scheduling of PDCCH and PDSCH.
· C4/U4
2 – some additional complexity to schedule LC UE in designated location

eNB scheduling flexibly:

· C1/U1
1 

· C2/U2 
6 – very limited scheduling flexibility due pre-defined and static location

· C3/U3 
1 

· C4/U4
10 – PRB locations are fixed – no flexibility

Specification impact:

· C1/U1
1 

· C2/U2 
7 –many rules and options need to be decided and vetted

· C3/U3 
5 – interaction with other features needs careful consideration

· C4/U4
2 – minimal spec impact

Miscellaneous evaluation points:

· C2.1.1
Spare MIB bits will no longer be available for future use 

· C2.2.4
Not enough spare bits in MIB to specify all SIBs individually 
Given the above, Sierra Wireless’ preferred solution is C1/U1.
3.4 Alcatel-Lucent
The aim of this WI is to reduce cost of MTC UE.  Whilst reducing the complexity of the MTC UE may reduce the cost, it introduces restrictions and complexity to the eNB.  These restrictions discourage large deployment of eNB that is capable of supporting low cost MTC UE and thereby making it harder to achieve economy of scale for low cost MTC UE.  Without economy of scale, low cost MTC UE may eventually be more expensive than a Category 1 UE thereby defeating the purpose of having low cost MTC UE.  We therefore need to balance between complexity of the MTC UE and the restrictions imposed on the eNB.  If the restrictions are minimal, it may even be feasible for low cost MTC UE to operate in legacy eNB.  This can also reduce time to market for low cost MTC UE.  Hence we should approach this from the angle of being able to deploy low cost MTC UE to as many networks as possible.  
Cost Saving

Cost saving should be applicable to both the MTC UE and the eNB.

C2/U2, C3/U3 and C4/U4 impose restriction on the eNB scheduler with C3/U3 adding significant complexity to the scheduler.  C2/U2 and C3/U3 may have the most cost saving but it has the highest cost at the eNB.  These options in general are unbalanced.

On a per device basis C1/U1 may not give the most cost saving since it may require the MTC UE to buffer 1st slot containing PDCCH and decode PDCCH within 1st slot.  However, it has the minimal changes to the eNB and thereby the most cost saving at the eNB.  Since some cost saving can be achieved in both the MTC UE and eNB, this option is balanced and is the most attractive.

Spectral Efficiency

Option C2/U2 requires semi-static signalling which therefore is less spectral efficient (depending on how often PRB allocation is changed).  C2.2.2 and C2.4.2 for SIB and paging requires additional resource PDCCH and PDSCH resource but minimal impact to the eNB scheduler.

C1/U1 and C3/U3 does not incur additional resource.  However, C3/U3 would have an impact on the eNB scheduler and depending on the scheduler may make it less efficient thereby impacting the overall spectral efficiency.

C4/U4 cannot achieve frequency diversity (assuming the PRBs in the reserved band are contiguous) and thereby is less spectrally efficient. It is unclear if low cost MTC UE and legacy UE shares the same PRB for MIB and PSS/SS, which may require duplication of MIB and PSS/SSS.

Hence C1/U1 is most spectrally efficient.

UE Complexity

C1/U1 may require UE to decode PDCCH within 1 slot and therefore incur some complexity.

C2/U2 and C3/U3 have a change to current UE behaviour in terms of decoding PDCCH and PDSCH.   However, it has a smaller (2 OFDM symbols less) in post FFT buffer compared to C1/U1.

It is unclear if C4/U4 would require decoding of PDCCH cross entire bandwidth or just within the restricted bandwidth.   If PDCCH is confined within the reserved bandwidth then there are minimal changes to UE behaviour since it would effectively operate as if it is in 1.4 MHz.

All options incur some complexity to the UE.

UE Power Consumption

C1/U1 and C4/U4 power consumption are similar to that of legacy UE since there is no change to its behaviour.

C2/U2 would need to receive configuration messages prior to be able to decode PDSCH and therefore would incur higher power consumption.

C3/U3 would have similar power consumption as legacy UE since the amount of decoding is the same.
C1/U1, C3/U3 and C4/U4 have similar UE power consumption.  C2/U2 have uses the most UE power consumption among the options presented.

eNB Schedulig Flexibility

C3/U3 requires cross subframe scheduling which would require significant changes to the existing scheduler.  Having to co-exist with legacy UE that does not employ cross subframe scheduling would add to this complexity.

C2/U2 and C4/U4 would impose restrictions on the scheduler thereby reducing its flexibility. 
C1/U1 has the least impact to eNB scheduler.
Specification Impact

C3/U3 would have the most specification impact since it has to revisit the timing of PDCCH/PDSCH and PDSCH/PUCCH (ack/nack).

C2/U2 would need additional signalling for semi-static scheduling and requires changes to the DCI format.

It is unclear whether C4/U4 would require decoding of the entire PDCCH band or just within the reserved band. It is also unclear if the reserved the PRB containing MIB and PSS/SSS are common between legacy & low cost MTC UE.  It is unclear how this option would impact the specifications.
C1/U1 has the least specification impact.

Conclusion
C1/U1 gives the best compromise in terms of cost and complexity and with the least specification impact.
3.5 CATT
UE cost savings

The UE cost savings are the same for C2/U2, C3/U3 and C4/U4 while the UE cost savings for C1/U1 is expected to be lower. The exact UE cost savings for C1/U1 depend on UE implementation and no cost savings in post-FFT data buffering is expected for U1.4.

eNB complexity

From eNB complexity perspective, C1/U1 is the simplest as the scheduling of low complexity UEs is the same as normal UEs except the number of PDSCH PRB restriction. C3/U3 is the most complicated in the sense that a different PDCCH/PDSCH timing for low complexity UEs is introduced in the eNB scheduler. C4/U4 is relatively simpler than C2/U2 since all the low complexity UEs share the same 6 PRB band.
eNB scheduling flexibility

C1/U1 and C3/U3 achieve the best eNB scheduling flexibility since the PDSCH for low complexity UEs can be scheduled anywhere within the entire bandwidth. The eNB scheduling flexibility of C4/U4 is the worst as the PDSCH for low complexity UEs can only be scheduled in the fixed PRBs. 
Cell spectral efficiency

Both C1/U1 and C3/U3 achieve full scheduling flexibility to avoid loss in frequency diversity gain or frequency selective scheduling gain. However, C3 requires additional PDCCH or PDSCH which decrease cell spectral efficiency. Therefore, C1/U1 is the best in terms of cell spectral efficiency. C4/U4 is the worst due to lack of frequency diversity and frequency selective scheduling gains. 

Specification impact

It is obvious that C1/U1 has minimal impact on specifications. C3/U3 leads to fundamental changes to PHY and MAC specifications due to new (E)PDCCH/PDSCH timing relationship. C2/U2 requires new higher layer signaling for semi-static approach and new definitions of PRB locations in the spec for predefined approach. The specification impact of C4/U4 is expected to be small.

Considering the analysis above, C1/U1 is preferred.
3.6 Huawei, HiSilicon
Cost savings
C2/C3/C4/U2/U3/U4 is expected to have the most cost savings from the UE perspective. 

Our understanding of C1/U1 “PDSCH within the entire bandwidth scheduled by PDCCH in the same sub-frame” is that there is no bandwidth reduction, and there is an 8% cost savings loss per the agreed value in the TR. Perhaps some UEs could do a couple % better by saving buffer in the second slot, but we can’t count on all UEs can do this. 

Spectral efficiency and scheduling flexibility
PDSCH could be dynamically scheduled within the entire carrier bandwidth in C1/U1/C3/U3, so low cost UEs could benefit from the frequency selective scheduling gains and no spectral efficiency impact is expected. In addition, C1/U1/C3/U3 has no impact on the dynamic scheduling of normal UEs. Hence, spectral efficiency will not be affected from both normal and low cost UEs perspectives. 

For C2/U2 and C4/U4, frequency selective scheduling is affected and normal UEs may have some scheduling restrictions, with C4/U4 having more impact than C2/U2.

All options except C1/U1 with no bandwidth reduction could impact the scheduling of SIBs shared between normal UE and MTC UE if the eNB desires to use more than 6PRB. In addition, the eNB would have to restrict paging and RAR to 6PRB for both normal and MTC UE.

Specification impact

C1/U1 with no bandwidth reduction has no impact on specifications. 

C2/U2 needs to specify signalling to notify the frequency locations and changes. If C4/U4 has the fixed dedicated narrowband spanning the carrier center, then the impact on specifications may be less if control channels are still wideband.

C3/U3 has less impact on specifications compared to C2/U2/C4/U4, but the delay between control channels and data channels needs to be specified.

Conclusions

C3/U3 is preferable based on the benefits in cost savings, frequency selective scheduling gains, and the flexible eNB scheduling.

C2/U2/C4/U4 could be considered for cost savings if there is a concern on duplicate PDCCH/PDSCH for C3. However each of these also has specification and scheduling impacts.  

C1/U1 with no bandwidth reduction could be considered to have no impact on specifications if we can accept the reduced cost savings as a tradeoff for no specification impact.
3.7 Ericsson

Cost saving relative to a single band UE Cat-1 modem
Under the assumption that the post-FFT buffer corresponds to 10% of the total UE cost (which is in line with Table 7.1 in TR 36.888):

· C1.1+U1.1
3.4% - Post FFT Buffer is 10% total UE cost and 94/100 * 5/14 of the buffer can be saved

· C1.2+U1.2 
4.0% - Post FFT Buffer is 10% total UE cost and 94/100 * 6/14 of the buffer can be saved

· C2+U2
7.4% - Post FFT Buffer is 10% total UE cost and 94/100 * 11/14 of the buffer can be saved

· C3+U3
7.4% - Post FFT Buffer is 10% total UE cost and 94/100 * 11/14 of the buffer can be saved

· C4+U4
6.7% - Post FFT Buffer is 10% total UE cost and 94/100 * 10/14 of the buffer can be saved

Under the assumption that the post-FFT buffer corresponds to 10-15% of the UE BB cost i.e. 6-9% of the total UE cost (which is in line with Table 5.3.1 in TR 36.888):

· C1.1+U1.1
2.0-3.0% - Post FFT Buffer is 6-9% total UE cost and 94/100 * 5/14 of the buffer can be saved

· C1.2+U1.2 
2.4-3.6% - Post FFT Buffer is 6-9% total UE cost and 94/100 * 6/14 of the buffer can be saved

· C2+U2
4.4-6.6% - Post FFT Buffer is 6-9% total UE cost and 94/100 * 11/14 of the buffer can be saved

· C3+U3
4.4-6.6% - Post FFT Buffer is 6-9% total UE cost and 94/100 * 11/14 of the buffer can be saved

· C4+U4
4.0-6.0% - Post FFT Buffer is 6-9% total UE cost and 94/100 * 10/14 of the buffer can be saved

Spectral efficiency

· C1
No change expected

· C2
Losses due to non-flexible scheduling and reduction in gain from channel dependent scheduling for simultaneously scheduled data users

· C3
Additional (duplicate) signalling needed

· U1
No change expected

· U2
No potential for channel dependent scheduling

· U3
Some loss in link adaptation accuracy due to earlier scheduling 

UE complexity

There is no significant difference in UE complexity (beside the differences in post FFT buffer size) between the different scheduling options (assuming that none of the scheduling options result in a significantly tighter PDSCH decoding time).

UE power consumption

There is no significant difference in UE power consumption between the different scheduling options.
eNB complexity

· C1
No additional complexity

· C2 
New resource restriction, cell planning (cell offset)
· C3 
Need to pre-determine broadcast resources

· U1
No additional complexity
· U2
New UE specific resource restrictions, need for resource partitioning algorithms
· U3
New scheduling prioritization, new HARQ timing
eNB scheduling flexibility

· C1
Full flexibility

· C2 
Restricted

· C3 
Need for earlier scheduling decisions

· U1
Full flexibility

· U2
Restricted, risk for blocking

· U3
Need for earlier scheduling decisions
Specification impact

· C1.1+U1.1
None
· C1.2+U1.2
Specify reduced UE-specific search space
· C2 
Specify means to determine frequency domain resources, means for cell planning (cell offset)   

· C3 
Means for broadcast separation, new scheduling timing, PCFICH handling

· U2
Specify means to determine frequency domain resources
· U3
New scheduling timing, new HARQ timing, new HARQ resource mapping, PCFICH handling
Conclusions
C1/U1 come with insignificant impact to spectral efficiency, eNB complexity, eNB scheduling flexibility and specifications but still provide approximately half the potential cost saving compared to C2/U2 and C3/U3.

C2/U2 and C3/U3 provide somewhat larger cost saving but it is doubtful whether it is worth the additional complexity and impacts. With similar complexity and impacts a substantially larger potential UE cost saving might be possible to achieve if the UE bandwidth reduction would be applied not only to the physical data channels but also to the physical control channels.
Given the scope of the Rel-12 work item, scheduling option C1/U1 is preferable.

3.8 NEC

Cost Saving:
C1+U1 does not provide a reasonable cost saving as MTC UE has to buffer the entire system bandwidth or at least first slot which is implementation dependant.
C2+U2  provides a realistic cost saving as MTC UE buffers only a smaller assigned bandwidth.

C3+U3 provides similar cost saving as C2+U2 with disadvantage of eNB scheduling complexity for advance scheduling as well as duplication of PDCCHs intended for legacy UEs and MTC UEs.

C4+U4 provides similar cost saving as C2+U2 and C3+U3, but with disadvantage of more restriction on PDSCH resource allocations for all MTC UEs.

Spectral Efficiency:
C1+U1 is the most spectral efficient option as it does not introduce any additional signalling overhead. 

C2+U2 requires some additional signalling for semi-static configuration of PRBs locations which introduces slightly less spectral efficiency.

C3+U3 introduces duplication of PDCCHs in the common search space, so it has less spectral efficiency.

C4+U4 has static PRBs location which results less frequency diversity, hence less spectral efficiency.

UE Complexity:
C1+U1 has no additional complexity assuming same implementation of Category 1 UE.
C2+U2 introduces a minor additional complexity at the MTC UE arising from the signalling configurations and interactions

C3+U3 would need some changes of UE behaviour for advance scheduling which could introduce some complexity at the UE.

C4+U4 has no additional complexity for the MTC UEs if static PRBs location.

UE Power Consumption:

C1+U1, C3+U3 and C4+U4 have similar power consumption as legacy UEs.

C2+U2 increases power consumption slightly compare to other options above due to receiving signalling configurations and their interactions.

eNB Schedulig Flexibility:

C1+U1 has no impact on eNB scheduling flexibility.

C2+U2 introduces eNB scheduling restriction for the legacy UEs by transmitting common channels (e.g. SIB, PCH and RAR message 2/4) in the predefined or preconfigured PRB locations.
C3+U3 introduces eNB scheduling complexity for advance scheduling such as tracking the timing between (E-)PDCCH and PDSCH transmission.
C4+U4 reduces eNB scheduling flexibility by scheduling MTC UEs in a static PRB locations.

Specification Impact:

C1+U1 has no specification impact.

C2+U2 requires specification of signalling for configuring the PRBs locations, hence moderate specification impact would be expected.

C3+U3 introduces a significant specification impacts resulting from the definition of new timing for advance scheduling, duplication of (E)PDCCHs and the scheduling impacts of MTC to normal UEs (i.e. to avoid normal UEs not to decode mistakenly the advanced (E)PDCCH scheduling of the MTC UEs).
C4+U4 may have some specification impact, such as new UE behaviour.

Conclusion: From these different options, we think C2+U2 provides a realistic cost saving for MTC UEs with moderate specification impacts.
3.9 ZTE
UE Cost Saving

For  C1/U1, the cost reduction in the aspect of post-FFT buffer depends on UE implementation , and it is highly optimistic to assume all UE implementation can finish PDCCH decoding within one slot. Therefore the actual cost reduction could be very small, and for some UE implementation there could be no cost saving in this aspect.  For the other options will achieve similar cost saving (6%~7%)

eNB implementation complexity
From eNB complexity perspective, C1/U1 incurs the least scheduling complexity as the low cost MTC UEs are the same as normal UEs except for the number of PDSCH PRB restriction. C4/U4 seems to have similar level of marginal complexity. C2/U2 and  C3/U3 could leads to some degree of higher complexity , for example if cross subframe scheduling is used then.
Spectral Efficiency

The assumptions here is dynamic scheduling flexibility within full bandwidth will generally provide higher spectral efficiency. However, it is very hard to quantify as spectral efficiency is constrained by various factors. For example, the benefit of dynamic scheduling for common channel is not as effective as for unicast channel. Therefore U1/U3 could enable higher spectral efficiency, while U2/U4 will leads to lower spectral efficiency. The differences between scheduling options for common channel is not very significant.

UE Complexity

C1/U1 could require UE to decode PDCCH faster (maybe within 1 slot), and therefore the associated complexity will increase. C2/U2 and C3/U3 both need a change to current UE behaviour in terms of PDCCH and PDSCH decoding.   

UE Power Consumption

In our view all options have similar power consumption implication. For C2/U2 , there could be a need to receive configuration messages before PDSCH decoding except for pre-defined schemes. However, since the total amount of control channel decoding is same, the power consumption should be similar.

eNB Scheduling Flexibility

Scheduling flexibility could lead to higher spectral efficiency and lower eNB implementation complexity, and these two aspect has been addressed separately. Note, scheduling flexibility in itself may not necessarily be something we should target therefore we believe the emphasis should be on eNB implementation complexity and spectral efficiency.

Specification Impact

 C1/U1 seems to have no impact on specifications as the UE behaviour is same. C3/U3 will introduce some level of specification work, for example scheduling timing. For C2/U2 and C4/U4, signalling that indicates the frequency locations or predefined pattern need to be specified. 

Conclusion
C2/U3 fits the best compromise in terms of cost, complexity, specification impact and spectral efficiency.
3.10 Mediatek

UE cost saving

C1/U1 may have up to 1.4% ~ 2.2% or 3%~4.5% cost saving on post-FFT buffer depending on UE implementation assuming UE only buffer up to 6 PRBs post-FFT buffer after decoding PDCCH. 

Other options may have 4.4~6.6% cost saving on post-FFT buffer assuming UE buffering 3 OFDM symbols of control region and 6 PRBs for data region. 

Spectral efficiency

C1/U1 and U3 provide the best spectral efficiency with dynamic scheduling within full band. 

Some sub-options of C2/U2 need additional signalling. C3 requires additional PDCCH or PDSCH assuming low cost MTC UE sharing the same SIBs with normal UEs.

C2/U2 and C4/U4 restrict eNB scheduling flexibility within pre-defined or semi-static changed 6 PRBs and may lose some scheduling gain so that degrade the spectral efficiency. In addition, if C4/U4 restrict to continuous 6 PRBs, there will be an additional frequency diversity loss.

UE complexity

C2/U2 needs to change to current UE behaviour to obtain the 6 PRBs buffer location by decoding RRC message. 

eNB complexity

C1/U1 only restricts the maximum PRB number to be scheduled from eNB side.

U2 may increase eNB scheduling complexity to handle UE-specific 6 PRB buffer location. And C2/U2 and C4/U4 may require a new scheduling prioritization because some UEs only can be scheduled in some location. 

Semi-static changing the resource allocation in C2 may need to handling interference of neighbouring cell, which may increase eNB complexity. 

C3/U3 needs eNB to decide the resource allocation one more subframe ahead. In the meanwhile, eNB needs to handle a (E)PDCCH blocking issue within two subframes. 

Specification impact

No specification impact by C1/U1 unless reducing the PDCCH blind decoding trials.

C2/U2 need specify the resource allocation for all the common channels and unicast transmission, either pre-defined in the specification or by a signalling. In addition, for pre-defined resource location in the specification, careful design is needed to handle interference issue.

C3/U3 needs a new timing relationship between PDCCH and PDSCH and also may need some specification change to handle PUCCH resource collision issue.

Not clear on C4 and U4 especially on how to handle common channels. 

Conclusion

C1/U1 has less impact to spectral efficiency, UE/eNB complexity, and specifications but may lose some cost saving on post-FFT buffer. Other options may have some loss on spectral efficiency and may increase eNB complexity (may increase the cost of eNB and operating cost instead of UE BOM cost).  

Based on the tradeoffs between cost saving difference and other aspects, option C1/U1 is recommended.

3.11 Samsung

Cost savings:
As post-FFT buffer constitutes < 10% of overall UE cost, cost savings difference for different options is not expected to be significant as shown by other companies, e.g. Sierra Wireless, Ericsson.

Spectral Efficiency:

C1+U1 clearly has the best spectral efficiency. All other options incur spectral efficiency loss to various degrees, mainly due to loss of frequency diversity (C2+U2, C4+U4), redundant (E)PDCCH or PDSCH (C3+U3) or scheduling restriction (C2+U2, C4+U4).

UE complexity:

No major difference in UE complexity among the different options. However, there can be significant implementation/development cost particularly for C3+U3, and for most of the suboptions for C2+U2.

UE power consumption:
No major difference among the different options, except that C3+U3 will increase UE power consumption due to extra RF active time.

eNB complexity:
C1+U1 incurs no additional eNB complexity. All other options incur additional eNB complexity to various degrees. For C2+U2 or C4+U4, in the best scenario, it may force the eNB to apply scheduling restriction to all UEs regardless of category, but in the worst scenario, there can be a need to implement changes in MIB or SIB1 or SIBs, a need for new MME-eNB signaling to support new paging behaviour for low cost MTC UE. For C3+U3, the worst scenario of C2+U2 or C4+U4 is also applicable, particularly with the new SI and paging transmission behaviour. In addition, the eNB also needs to take care of the new PDCCH-PDSCH/PUSCH timing and the new HARQ timing.
eNB scheduling flexibility:

C1+U1 incurs no loss in eNB scheduling flexibility. All other options incur loss in eNB scheduling flexibility to various degrees. For C3+U3, eNB also needs to take care of multiplexing of UEs with different PDCCH-PDSCH/PUSCH timings and different HARQ timings, which creates another dimension to the scheduling problem.
Specification impact:

No specification impact to C1+U1. All other options incur specification impacts to various degrees. Due to the limited time allocation for low cost MTC, an option with little or no specification impact is preferred.
Conclusion:
C1+U1 is the best option.
3.12 LG
UE Cost Saving

In case of C1/U1, BW (i.e. buffer size) reduction for DL data reception would be completely dependent upon UE implementation even with reduction of PDCCH blind decoding trials. In other words, cost saving from DL data BW reduction might not be guaranteed for all the low-cost UEs since reduction of DL data buffer size would be likely to be purely implementation-specific.

UE Complexity

In case of C1/U1, PDCCH decoding speed and PDSCH buffer size would make a trade-off between UE complexity and cost saving. In other words, faster PDCCH decoding with more complexity would be required for more cost saving with smaller buffer size. Other options may not require additional complexity while some modification might be needed from receiving operation perspective.

eNB Scheduling Flexibility

C1/U1 and C3/U3 could provide full flexibility in eNB scheduling. However, in case of common data scheduling with C3, additional PDCCH/PDSCH overhead would be required regardless whether common RNTI is separately defined or not for low-cost UEs. C2/U2 with semi-static manner may be less flexible than C1/U1/C3/U3, and C4/U4 would be least flexible among the options.
Specification Impact

In case of Option C4/U4, large specification impact might be expected in terms of common signals (e.g. PSS/SSS/CRS), initial access (e.g. PBCH/SIB), and MTC band configuration. C1/U1 and C2/U2 may have the smallest specification impact among the options, and U3 may be with some modifications in terms of PDCCH-to-PDSCH timing and PUCCH resource for HARQ-ACK.
Conclusion

C2/U3 is preferable in aspects of multiplexing with normal UEs (in case of common data scheduling), scheduling flexibility in eNB (in case of unicast data scheduling), and cost saving from BW reduction.
3.13 Intel
Cost Saving

Option C2/U2 and C3/U3 achieve the cost saving benefits by reducing the post-FFT buffer size for PDSCH. Option 4 may achieve the cost saving benefits by reducing the post-FFT buffer size for PDSCH. However, since the control is still sent over the entire system bandwidth, the overall cost saving benefits of C4/U4 is not clear. Option C1/U1 may be able to achieve part of the cost saving benefits for some UE modem architecture.
Spectral Efficiency

Option C1/U1 achieves the best spectrum efficiency. Option C3/U3 achieves slightly worse spectrum efficiency than option C1/U1. Option C2/U2, if implemented properly, can achieve spectrum efficiency which is close to C1/U1 and C3/U3. Option C4/U4 achieves the worst spectrum efficiency and also negatively impact the normal UE’s spectrum efficiency.
 UE complexity

Overall, option C2/U2/C3/U3/C4/U4 has lower UE complexity than option C1/U1.
eNB complexity 

Overall, option C3/U3 has highest eNB implementation complexity and option C1/U1/C4/U4 has lowest eNB implementation complexity.
eNB Scheduling Flexibility

Except using pre-defined PRB locations, other sub-options either have full or quite good scheduling flexibility for common channels.
Specification Impact
Overall, option C3/C3 requires the most specification changes in order to support cross-subframe scheduling. Option 1.1 requires no specification changes. Option 1.2 and option 4 may result small changes. Option 2, depends on which sub-option is chosen, may require either some changes in RAN1 specification or in both RAN1/2 specifications.
Conclusion:
Option C1/U1 is the most implementation friendly option. Option C2/U2 is the second attractive option if option C1/U1 is not adopted.
3.14 Sharp
According to agreements of RAN #63, Rel-12 MTC WID has been agreed to only focus on the low cost/complexity UE category/type. 

Cost saving

Cost saving is the key objective of the revised Rel-12 MTC WID. Given massive amount of MTC devices will be deployed in future, cost saving should be maximal.

Option C1/U1, MTC UEs have to buffer the entire bandwidth resource at least for the first slot after FFT, which may not achieve the highest cost saving from the perspective of the post-FFT buffer.

Option C2/U2 and C3/U3 can achieve the same post-FFT buffer reduction. 

It remains not clear for Option C4/U4.

Spectral efficiency

Option C1/U1, C2/U2, and C3/U3 allow MTC UEs to reap frequency selective scheduling gains because PRBs could be scheduled across the entire carrier bandwidth. However, option C3 means cross-subframe scheduling, which duplicate resource is necessary if MTC UEs share PDCCH or PDSCH with non-MTC UEs. 

For option C4/U4, a limited bandwidth is dedicated used for MTC UEs, which cannot achieve frequency diversity as that of non-MTC UEs, and therefore are less spectral efficient.

UE complexity

Option C1/U1 may require MTC UEs to process the channel across the entire carrier bandwidth, which is not preferred from the perspective of UE complexity compared to Option C2/U2.
Option C3/U3 support cross-subframe scheduling, and therefore require new definition of UE behaviour.

Option C4/U4 may require two paralleled physical baseband procedures when MTC is supported in LTE, which may cause additional complexity.

UE power consumption

Option C1/U1 has similar UE power consumption to that of non-MTC UEs.

Option C2/U2, and C4/U4 could reduce UE power consumption compared to Option C1/U1 if lower clock rate is used.

Option C3/U3 may require higher UE power consumption compared to Option C2/U2 and C4/U4 because more waking up subframes are required.

eNB scheduling flexibility

For Option C1/U1 and C3/U3, there is no restriction from the eNB scheduling flexibility point of view. 

For Option C2/U2, it may cause some restriction on eNB scheduling flexibility, but it depends on the actual eNB scheduling mechanism. 

Option C4/U4 may cause the most restriction on the eNB scheduling flexibility among all options. 

Specification impact

Option C1/U1 may have the least specification impact.

Option C2/U2 may need additional signalling for semi-static scheduling. However, the corresponding specification effort is limited. 

Option C3/U3 may need more specification work, e.g., the timing of (E)PDCCH/PDSCH and ACK/NACK feedback timing.

It remains unclear on specification impact for Option C4/U4 since two paralleled physical baseband procedures are required.

Summary

Based on the above analysis, C2/U2 is preferred.
3.15 Vodafone
Cost savings
Similar superior cost savings should be achieved from options C2/U2, C3/U3 and C4/U4. Lower cost saving should be achieved from options C1/U1, with a certain degree of variability due to UE implementation. However, the differences in cost saving are expected to be less than 3%.
Spectral efficiency
Options C1/U1, as well as U3 will result in no changes in spectral efficiency. Options C2/U2 and C4/U4 will have a slightly degraded spectral efficiency due to additional signalling and diversity gain loss. Option C3 will result in additional PDCCH resources (C3.1) or duplicated PDSCH resources (C.3.2).
UE complexity and power consumption

No significant complexity and power consumption changes are expected for all different options. 
eNB complexity and scheduling flexibility
Options C1/U1 will require only minor eNB changes, around the number of PRB restrictions. Options C2/U2 and C4/U4 would additionally result in degraded scheduling flexibility, but with no significant complexity increase. Options C3/U3 have the most impact, as a fundamental scheduler change is required to include cross subframe scheduling.
Specification impact

C1/U1 should have minimal specification impact. C3/U3 should have the most significant specification impact, followed by C2/U2. C4/U4 is not expected to have significant specification impact.
Conclusions

One of the specific choices within the C2/U2 options can offer the best cost saving benefits, with good forward compatibility benefits and still provide reasonable scheduling flexibility. Options C3/U3 have the same benefits, with full scheduling flexibility. However, overhead might be an issue. C1/U1 can also be considered for its low overall impact.
3.16 NSN
Cost savings:
Options C2/U2, C3/U3 and C4/U4 have similar cost saving. Option C1/U1 has less cost saving depending on the maximum number of PRBs on the PDSCH. For 6 PRB limitation on the PDSCH, the reduction in cost saving is 1.6-2.4%. If the maximum number of PRBs on the PDSCH is increased to 25 PRBs, the reduction in cost saving is 1.3-2.2%.
Spectral efficiency:
No impact on spectral efficiency for C1/U1. Low impact from C2/U2 and C3/U3, and low to medium impact from C4/U4.
UE complexity:
Using Cat-1 UE as the baseline, there is no impact on UE complexity for C1/U1.  Low impact from all other options.
UE power consumption:
No significant impact from all different options. 
eNB complexity and scheduling flexibility:
No impact on UE complexity for C1/U1 other than PRB limitation which is a separate issue. Medium to high impact from options C2/U2 and C4/U4. High impact from C3/U3.
Specification impact:
No impact on UE complexity for C1/U1 other than PRB limitation which is a separate issue. Medium impact from option C2/U2, high impact from C3/U3, low to medium impact from C4/U4.  
Conclusion:
Option C1/U1 has no impact to specification, eNB/UE implementation, and performance (spectral efficiency). Furthermore, there is a loss of only ~2% in cost saving.  Therefore, option C1/U1 is preferred.
3.17 Qualcomm

Qualcomm supports C3 and U3 with cross-subframe scheduling.
3.18 Motorola Mobility
Motorola Mobility supports C1 and U1 with supporting discussion in R1-141606.
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