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1.	Introduction
During RAN1#74 it has been agreed that the new R12 Low Cost UE category 0 doesn’t require support for UL 64QAM and that the maximum number of supported layers in DL and UL is 1. The question of flexibility given to PDSCH frequency allocations, i.e. semi-static or dynamic was left FFS until RAN1#74bis.
In this contribution we discuss several remaining details for the introduction of the new R12 Low Cost UE category 0.
We first provide recommendations for UE Cat 0 radio access capabilities at feature level, including, support for all duplex modes, allowing for the possibility of future 2 Rx implementations, support of eMBMS reception capability for FW/SW upgrades and pre-R12 network access restrictions. We then provide our recommendation regarding the use of either semi-static or dynamic PDSCH frequency allocation methods.

2	Discussion
The introduction of the new R12 Low Cost UE category 0 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. This is even though separate demodulation and general receiver requirements specifically introduced for the new UE category 0 will be necessary in RAN4.
In consequence, the new R12 Low Cost UE category 0 in 36.306 would be different from R8 UE category 1 only in the maximum number of DL-SCH / UL-SCH TB bits received / transmitted within a TTI and the total number of soft channel bits.
Given that R8 UE Cat 1 can be taken as a baseline for R12 UE Cat 0, 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, a R8 UE Cat 1 is not affected.
Particular attention however is required when dealing with radio access capabilities for optional features that a Low Cost UE could implement. Only parameters for which there is the possibility for UEs to signal different values are considered as UE radio access capability parameters. Signaled 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, neighbor cell SI, SON and IMS voice related parameters signaled separately from the UE category, the signaled RF parameters are of most importance.
We think that RAN1 should provide clear recommendation to RAN2 on which of these may be desirable vs. required vs. not supported in combination with UE Cat 0. The choice of applicable protocol configurations in PDCP and RLC or signaling optimizations to address the reduced flexibility in terms of configurable radio access capabilities for the new R12 UE Cat 0 should also be further discussed in RAN2.

2.1	Supported duplex modes
The WI requires support of Low Cost UE’s based on LTE for all duplex modes. Specific optimizations to support Low Cost UE implementations using HD FDD are not part of the objectives of the WI.
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.
In consequence, no changes to 36.306 are necessary. However RAN4 would need to introduce HD FDD performance and general receiver requirements. These should follow the usual RAN4 prioritizations and release-independent introduction of support for low cost UE’s for specific bands and duplex modes.
Recommendation 1:
No new radio access capability signaling is needed to support UE Cat 0 for all duplex modes. Release-independent support of Low Cost UE’s in specific LTE bands and duplex modes is handled by RAN4 through RF requirements.

2.2	Allowed Rx antenna configurations
While the implicit assumption of RAN4 single Rx based demodulation requirements will not be visible in RAN1/2 core specifications, thoughts should be given how to handle the possibility of optional dual Rx antenna Low Cost UE implementations. We think that the possibility of implementing dual Rx Low Cost UE’s using UE Cat 0 should not be precluded.
A dual Rx based Low Cost UE implementation will clearly benefit from much improved link budgets in the order of 3-4 dB or more and therefore it is important that the network can identify the presence of such UE’s. This will be particularly important for coverage extension mode where dual Rx based UE implementations will much reduce impacts onto degraded DL cell spectral efficiencies and onto UL random access procedures. In consequence, we think a separate new UE radio access capability “ue-cat0-DualRxAntenna” should be introduced in R12 36.306.
Introduction of separate demodulation and general receiver requirements for single Rx antenna based UE Cat 0 will result in a significant amount of RAN4 work. Even if dual Rx based demodulation requirements for UE Cat 0 can to some extent be based on those existing for R8 UE Cat 1, it is still likely that RAN4 will need to re-evaluate these due to the presence of other Low Cost UE features such as the restriction of maximum PDSCH BW.
Introduction of improved demodulation performance for UE Cat 0 implementations using dual Rx antennas should then be subject to the usual RAN4 prioritizations and may not necessarily be expected to occur in R12.
Recommendation 2:
The possibility of dual Rx antenna based implementations of UE Cat 0 should is supported through introduction of a new UE radio access capability “ue-cat0—DualRxAntenna” in 36.306.

2.3	eMBMS reception capability
Support for software updates and parameter re-configuration for MTC devices is one extremely useful service for supporting MTC in existing cellular networks. In the particular context of LTE based radio access, the use of eMBMS as a delivery mechanism to simultaneously address a large number of MTC devices for the purpose of SW updates and re-configuration is one possibility.
While eMBMS is presently not a widely deployed feature in commercial LTE networks, we think it is useful to allow Low Cost UE implementations based on UE Cat 0 to optionally implement support for eMBMS.
The maximum number of bits of a MCH TB received within a TTI, when eMBMS is supported, is currently tied to the UE category. In our view, it is straightforward to set this number to 1000 bits which should still offer meaningful data rates when taking into account the reduced number of MBSFN reserved subframes carrying MTCH for MTC type of services.
The possibility of optional support for eMBMS by UE Cat 0 raises the question how to deal with Low Cost UE’s operating in coverage extension mode. We think it is desirable to avoid link level evaluations of repetition gains for PMCH which would cost much work at this late stage, and which may anyway result in constraints from eMBMS configurations as by R9 that cannot be overcome.
In this sense, we recommend to assume that if Low Cost UE’s support eMBMS and the LTE cell(s) use eMBMS as a broadcast/groupcast type of delivery mechanism, then existing higher layer coding and choice of the lowest possible MCS determine the coverage for the service. Not all UE’s may be reached, but we do not think this situation is necessarily worse or better than for higher-rate eMBMS services in existing LTE networks today.
Recommendation 3:
UE Cat 0 allows for a maximum number of 1000 bits of a MTCH TB received within a TTI, when eMBMS is supported.

2.4	Network access restrictions
The LTE eNB only learns the existence of Low Cost UE’s during the RRC connection establishment. With existing R8-R11 capability signaling, indication of one of the 5 R8 UE categories is mandatory for UE’s.
When the new R12 UE category 0 is introduced, LTE networks supporting R12 UE Cat 0 will take appropriate steps to apply DL scheduling restrictions for BCH and PDSCH. Similarly, these networks can deal with UL random access procedures that are specific to those new R12 UE Cat 0 devices. Non-withstanding the fact that MTC type of applications can also use existing UE CAT 1-5, identification of the new UE Cat 0 by the network is primarily useful to restrict those identified devices from accessing certain LTE services they were never intended for.
When a UE Cat 0 device appears in a legacy LTE network not supporting this new R12 feature, it must be ensured that such devices can’t access that LTE network. The situation will simply occur because users will attempt use of equipment purchased elsewhere on LTE networks or in countries were Low Cost devices and their associated services are not commercialized.
Existing LTE radio access of course offers several means to filter out and bar LTE devices from network entry, for example USIM based allowed PLMN selection rules. However, when the USIM is changed, the device may identify the LTE network as allowed. Legacy LTE networks will create problems for UE Cat 0 to correctly acquire BCH which in many cases will simply prevent their network access due to absence of DL scheduling restrictions.
It is difficult to say however whether a particularly unfortunate choice of LTE network configuration can still possibly result in devices succeeding in RRC connection establishment in legacy LTE networks. Given the risk that such legacy LTE networks could treat Low Cost UE devices as one of the R8 categories, we recommend to clearly indicate to RAN2 that RRC signaling during the UE capability signaling should be designed in a way that R12 UE Cat 0 can never indicate one of the R8 UE categories 1-5. One possibility may simply be to mandate that UE Cat 0 must not indicate support for one of the 5 R8 categories by setting the corresponding ASN.1 field code in the IE.
Recommendation 4:
Indicate in the LS to RAN2 that Low Cost UE’s based on UE Cat 0 should not be allowed to indicate one of the existing R8 UE categories 1-5 in order to prevent such devices accessing legacy LTE networks.

2.5	PDSCH frequency allocation method
The WI reduces DL processing bandwidth for the PDSCH to 1.4 MHz. It is open however whether the 6 PRB’s carrying PDSCH must be consecutive or if they can be distributed. The Low Cost UE can in any case receive the entire DL system BW as far as its RF front-end is concerned. 
We recommend that the 6 PDSCH PRB’s are not restricted to be consecutive in order to avoid losses from reduced frequency diversity.
It should also be considered that for DL RB allocation types 0/1, RB’s are allocated in groups of up to 4 RB’s as a function of system bandwidth. For 20 MHz system BW, allocation size of 4 PRB’s in conjunction with 6 maximum PRB’s for UE Cat 0 will require somewhat more sophisticated scheduling in the eNB if resource fragmentation losses are to be avoided.
Most importantly, basically 4 options were identified in the SI to allocate the PDSCH with reduced BW,
· Fixed: PDSCH location is fixed within the system bandwidth
· Semi-static: PDSCH location is signaled via RRC
· Dynamic: PDSCH location is signaled through a DCI
· Pattern: PDSCH location follows a pre-defined pattern
Dynamic PDSCH allocations and using existing R8 PDCCH/PDSCH timing relationships results in more complexity due to the need for data buffering post-FFT. Still, we recommend allowing for dynamic PDSCH allocations in frequency-domain due to the much increased eNB scheduling flexibility, much better link performance and minimal specification impact when compared to R8.
Recommendation 5:
PDSCH frequency allocation for UE Cat 0 is signaled on a per-subframe basis through DL assignment DCI’s as in R8.

3	Conclusions and Recommendations
In this contribution we discuss several remaining details for the introduction of the new R12 Low Cost UE category 0.
In summary we propose,
Recommendation 1:
No new radio access capability signaling is needed to support UE Cat 0 for all duplex modes. Release-independent support of Low Cost UE’s in specific LTE bands and duplex modes is handled by RAN4 through RF requirements.
Recommendation 2:
The possibility of dual Rx antenna based implementations of UE Cat 0 should is supported through introduction of a new UE radio access capability “ue-cat0—DualRxAntenna” in 36.306.
Recommendation 3:
UE Cat 0 allows for a maximum number of 1000 bits of a MTCH TB received within a TTI, when eMBMS is supported.
Recommendation 4:
Indicate in the LS to RAN2 that Low Cost UE’s based on UE Cat 0 should not be allowed to indicate one of the existing R8 UE categories 1-5 in order to prevent such devices accessing legacy LTE networks.
Recommendation 5:
PDSCH frequency allocation for UE Cat 0 is signaled on a per-subframe basis through DL assignment DCI’s as in R8.
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