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Discussion
1.
Introduction
The new R12 WI on Low-cost UE will introduce support for a new UE category for MTC operation in all LTE duplex modes allowing for significant cost reduction when compared to a R8 LTE Cat 1 single band UE. It is a second objective of the WI to achieve a 15dB relative coverage improvement in FDD for UE’s operating delay-tolerant MTC applications [1].
We first discuss general principles for the introduction of the new low cost UE category into LTE specifications. We then provide our views and recommendations on Stage 3 specification work for cost reduction techniques DL single Rx RF, DL/UL reduced peak rates and DL reduced BB bandwidth. We do not address coverage extensions aspects part of the WI in this contribution.
2
On the new low cost UE category
Before discussing characteristics of a new R12 low cost UE category, it is worthwhile to summarize several guiding principles for the introduction of LTE UE categories in R8.
LTE R8 defines 5 UE categories that are primarily distinguished through different bit rate capabilities in the form of a max TB size that a UE would be able to process in any given subframe. For example, R8 UE Cat 1 achieves approximate DL and UL peak rates of 10 and 5 Mbps through 10296 bits Rx and 5160 bits Tx per subframe. 

All 5 R8 UE categories provide the same support for,

(1) All RF BW options from 1.4MHz to 20MHz (as a function of supported bands),

(2) DL UE Rx diversity (mandated through RAN4 performance requirements),

(3) DL 64 QAM

(4) DL eNB Tx diversity (implicitly through the multi-antenna transmission schemes in L1 specifications)

(5) Max number of HARQ processes per serving cell (mandated through RAN1 specifications)
Differences between the 5 R8 UE categories exist in particular in terms of UL modulation order and MIMO support,

(1) UL 64QAM is only required for R8 UE Cat 5

(2) UE Cat 1 doesn’t need to support spatial multiplexing, UE Cat 2-4 support DL2x2 and Cat 5 DL4x4 MIMO
Given that R8 UE Cat 1 can be taken as a baseline for the new R12 low cost UE category, it is not important to consider the details of R10 UE Cat 6-8 introduced in support of LTE-A features. While a R10 UE indicating Cat 6 or 7 must also indicate Cat 4, and Cat 8 must also indicate Cat 5, but R8 UE Cat 1 is not affected.

Only parameters for which there is the possibility for UEs to signal different values are considered as UE radio access capability parameters. Signalled UE radio access capability parameters must be respected by the network when configuring and scheduling the UE.

In the set of supported PDCP, RLC, L1, RF, measurement, inter-RAT, general, CSG, neighbour cell SI, SON and IMS voice related parameters signalled separately from the UE category, the signalled RF parameters are of most importance.
R8 supportedBandListEUTRA indicates which frequency bands are supported by the UE. For each band, support for only half duplex can be indicated. For TDD, the half duplex indication is of course not applicable.

It becomes clear that introduction of a new low cost R12 UE category in 36.306 can be considered straightforward as long as existing R8 principles on RF bandwidth independence and separate indication of supported bands, bandwidth and corresponding UE Rx requirements set by RAN4 performance specifications are preserved. The R12 low cost UE will still need to conform to nominal R8 RF bandwidth requirements from the point of view of PDCCH processing as set by LTE RAN4 specifications, even though separate demodulation and general receiver requirements specifically introduced for such a low cost UE category 1L will be necessary in RAN4.
In fact, in 36.306 the new low cost R12 UE Cat 1L would be different from R8 UE Cat 1 only in the max number of DL-SCH / UL-SCH TB bits received / transmitted within a TTI. Similar to UE Cat 1, the new low cost UE category would only support 1 spatial layer in the DL. Like all existing R8-R10 UE categories, indication of supported LTE bands and applicable operating BW’s reuses existing radio access capability signalling “as is”.
Stage 3 work in RAN1 will need to consider a detailed recommendation for RAN2 on the soft buffer memory dimensioning for the R12 low cost UE category.

The choice of applicable protocol configurations in PDCP and RLC and of signalling optimizations to address the reduced flexibility in terms of configurable radio access capabilities for the new low cost UE category should be discussed in RAN2.
While specific optimizations to support low cost UE implementations using HD FDD are not part of the objectives of the WI, support for low cost UE’s is to be introduced for all duplex modes. The supportedBandListEUTRA allows signalling half-duplex by means of existing capability signalling. No changes are necessary as far as the signalling is concerned. However RAN4 would need to introduce HD FDD performance and general receiver requirements, which we recommended should follow the usual RAN4 prioritizations and release-independent introduction of low cost UE support for specific bands and duplex modes.
Recommendations:
(1) A new low cost UE Cat 1L is introduced in 36.306 that differs from R8 Cat 1 only in received DL-SCH / transmitted UL-SCH TB bits and total number of soft channel bits.

(2) Indication of supported operating bands and BW by the new low cost UE category reuses R8 signalling mechanisms.

(3) Demodulation and general receiver requirements for the new low cost UE category are determined in RAN4 following the existing principles of per UE-category specific requirements (where necessary and applicable)

3
Specification impacts of cost-reduction techniques
3.1
Reduction of maximum DL bandwidth 

For the new low cost UE, the PDSCH has a reduced baseband processing bandwidth of not more than 6 RB’s per subframe while the DL control channels/signals are still demodulated and processed in the full RF carrier bandwidth.
PSS/SSS/PBCH are not impacted because they are always transmitted in the centre 6 PRB’s of the carrier.

For PDSCH carrying PCH, SIB and RAR, the eNB can in principle schedule these channels within only 6 PRB using the existing specifications. However, a prerequisite step is that R12 low cost UE’s are identified by the eNB first in order to apply such a PDSCH restriction, or that the eNB conservatively schedules all PDSCH’s that are transmitted prior to obtaining UE capability info to not use more than 6 RB’s for all UE’s in the serving cell. In some cases, i.e. when payloads are low, such an approach is easily in reach, for example when the PDSCH carries PCH. In some other cases like reception of RACH message 2 or 4 by a low cost UE, or for some larger SIB payloads, such an approach may well turn out unpractical. For the specific case of random access by low cost UE’s, we recommend considering techniques such as PRACH resource partitioning.

In order to support reduced BW for the new low cost UE category, a restriction on the maximum number of RB’s carrying PDSCH in a given subframe is necessary. None of the existing LTE R8-R10 UE categories in 36.306 currently applies a PDSCH processing restriction in terms of the number of maximum RB’s that is decodable by a UE.
It is one possibility to consider introduction of a new separate R12 radio access capability. We recommend capturing such a restriction for the new low cost UE category in the RAN1 specifications, i.e. the low cost UE is not expected to decode a PDSCH larger than 6 PRB’s when operating with PDCCH. This approach would be similar to the handling of the number of supported DL and UL HARQ processes in 36.213.

It should be possible to schedule DL data to low cost UE’s using either PDCCH or R11 EPDCCH if supported. In consequence, the PDSCH processing restriction on the number of maximum RB’s decodable by a low cost UE in a given subframe should be considered separately for the cases of PDCCH and EPDCCH. Both for the case of PDSCH and EPDCCH with the 6 PRB processing restriction, care should be taken to allow for the use of band hopping to allow for frequency diversity gains, i.e. the 6 allocated PRB’s are located in a different subband from one subframe to another. 
We see several benefits from allowing for the use of R11 EPDCCH for scheduling low cost UE’s.

(1) Unlike PDCCH, the EPDCCH doesn’t require wideband BB processing, i.e. 2048 point FFT.

(2) If CSS is introduced for EPDCCH, then it would even be possible to completely rely on scheduling low-cost UE’s through EPDCCH. Even CRS based channel estimation may not be necessary in all subframes for low cost UE’s. 

(3) Possibility for beamforming gains, i.e. coverage enhancements for low cost UE when stationary or in low Doppler
(4) Possibility of system-level scheduling gains through frequency domain ICIC for coverage limited low cost UE’s
We expect that for many stationary low cost UE’s in fixed locations, localized EPDCCH mode will work well since a low cost UE may then report a single CSI feedback and the same beam can be used for a very long period of time.
If the channel environment varies, for MTC type of equipment that is moving, there is still the possibility to configure distributed EPDCCH mode without relying on any CSI feedback. Distributed EPDCCH mode will provide gains over localized EPDCCH if the limited number of 6 PRB’s supported for low cost UE can be distributed over the RF transmission bandwidth in a subframe. However, if allocated PRB’s are consecutive in frequency domain, link gains when using distributed EPDCCH mode will be limited.
In order to relax receiver requirements and to allow for coverage extension through repetition, it should be considered to introduce cross-subframe scheduling for low cost UE’s.  
Recommendations:
(4) Both PDCCH and EPDCCH (if supported) can be used to schedule a R12 low-cost UE

(5) RAN1 should investigate the benefits of implicit UE capability indication through RACH resource partitioning

3.2
Reduced DL and UL peak rates
For the new low cost UE category, the maximum DL and UL TB sizes per TTI will be limited to 1000 bits.
Stage 3 work in RAN1 will need to consider a detailed recommendation for RAN2 on the soft buffer memory dimensioning for the R12 low cost UE category.

We think that using a subcompact DCI format (either based on DCI F1C or a new DCI format) has potential for significant benefits in terms of link robustness on PDCCH when scheduling low-cost UE’s. The use of such a subcompact DCI format as the fallback DCI for all supported transmission modes can exploit the set of very limited TB sizes and the PDSCH scheduling restriction to not allocate more than 6 PRB’s to low cost UE’s.
It should be considered that the existing TBS tables in use for DCI F1C currently allow for a maximum TB size of 1736 bits which is more than needed for the low cost UE category. Also, the set of possible RB allocations using step size of 2 (for BW < 10MHz) and 4 RB’s (for BW≥10 MHz) are currently not suitable to low cost UE PDSCH allocations.
Such a subcompact DCI format for scheduling low cost UE’s should allow for both localized and distributed PRB allocations and unlike the existing DCI F1C allow for HARQ re-transmissions.

Recommendations:
(6) A new optimized MCS/TBS index mapping table should be introduced for low cost UE’s
(7) A new subcompact DCI format is introduced as fallback DCI for all TM’s that low cost UE’s support
3.3
Single Rx RF chain

Introduction of separate demodulation and general receiver requirements for low cost UE’s will result in a significant amount of RAN4 work. We expect that similar to existing LTE features, RAN4 will prioritize amongst the possible choices for release-independent introduction of requirements set for specific bands and duplex modes.

From the RAN1 perspective, we think that specification work to offset/overcome the loss from DL single Rx/RF should be part of the coverage extension objective in the WI.
It could be considered that the introduction of a new subcompact DCI format to schedule low cost UE’s as fallback DCI for all supported TM’s in Section 3.2 is part of the necessary features to cope with the degraded link budget when introducing Single Rx RF.
Recommendations:
(8) RAN1 should consider improving link robustness for low cost UE’s due to introduction of Single Rx RF as part of the coverage extension objective in the WI.
4
Conclusions and Recommendations

In this contribution we discussed general principles for the introduction of the new low cost UE category into LTE specifications. We then provided our views and recommendations on Stage 3 specification work for cost reduction techniques DL single Rx RF, DL/UL reduced peak rates and DL reduced BB bandwidth.
In summary, we propose:

(1) A new low cost UE Cat 1L is introduced in 36.306 that differs from R8 Cat 1 only in received DL-SCH / transmitted UL-SCH TB bits and total number of soft channel bits.

(2) Indication of supported operating bands and BW by the new low cost UE category reuses R8 signalling mechanisms.

(3) Demodulation and general receiver requirements for the new low cost UE category are determined in RAN4 following the existing principles of per UE-category specific requirements (where necessary and applicable)

(4) Both PDCCH and EPDCCH (if supported) can be used to schedule a R12 low-cost UE

(5) RAN1 should investigate the benefits of implicit UE capability indication through RACH resource partitioning

(6) A new optimized MCS/TBS index mapping table should be introduced for low cost UE’s
(7) A new subcompact DCI format is introduced as fallback DCI for all TM’s that low cost UE’s support
(8) RAN1 should consider improving link robustness for low cost UE’s due to introduction of Single Rx RF as part of the coverage extension objective in the WI.
References

[1] RP-130848; WI on low cost & enhanced coverage MTC UE for LTE; RANP
[2] 3GPP TR 36.888 v12.0.0 (2013-06); SI on provision of low-cost MTC UE based on LTE
