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1 Introduction

This contribution considers some of the following issues which are FFS from RAN1#76bis:

a) Whether or not there is any need/benefits to change PDCCH search space and DCI sizes
b) Impact, if any, on ACK/NAK resource allocation
c) Whether or not Cat. 0 UEs can be served by eNBs without knowledge of Cat. 0 UEs, and if so, any issues
d) Whether or not simultaneous unicast and broadcast is allowed (depending on whether or not there is a decision in RAN2 or not)
e) Transmission mode(s) supported by Cat. 0 UEs
f) Whether or not EPDCCH is supported
g) Whether or not SPS is supported
h) Issues, if any, on coverage for TDD with Cat. 0 UEs
i) Details of Category 0 to be incorporated into 36.306
For reference purposes only in this contribution, following the terminology agreed in RAN2, a UE of new category will be referred to as Cat.0 UE.

2 Remaining Issues for UE Cat.0
Transmission Modes (TMs) and EPDCCH
In order to determine which TMs need to be supported for Cat.0 UEs, the respective benefits need to be considered in order to avoid a Cat.0 UE having to implement unnecessary functionalities and increase its cost and complexity (especially since it has already somewhat increased compared to initial expectations). Moreover, no optional features should be introduced unless there is a strong reason for forward compatibility. The focus is on the DL as single TX antenna and DCI Format 0 are default on the UL.
Cat.0 UEs supporting only a single RX antenna will be scheduled with only a single TB. Considering that Cat.0 UEs will typically operate with long DRX cycles and, as importantly, that traffic for Cat.0 UEs will typically be in short bursts and UL-dominant rather than DL-dominant (only small reconfiguration messages are more likely in the DL), there is little/no motivation to optimize Cat.0 UE operation for TMs that require detailed CSI feedback and are practically beneficial only for large data packets. Therefore, there is little/no reason to require a Cat.0 UE to support PDSCH spatial multiplexing (it is also noted that Cat.1 UEs do not). Single layer beamforming may have some coverage benefit but at the additional cost of feedback and processing complexity and is not expected to provide meaningful gains (other mechanisms, such as repetitions, will be necessary for coverage enhancements of Cat.0 UEs).
TM1 and TM2 should be the default TMs as they are anyway the ones used during initial access without requiring additional configuration. One other TM that can be considered is TM7. The primary motivation for TM7 is forward compatibility in order to lessen reliance on CRS (e.g. for ICIC, etc.). The trade-off is the increased UE complexity as channel estimators for both CRS and DMRS will be required. However, the motivation for forward compatibility is sufficiently strong for the tradeoff to be in favor of supporting TM7. If TM7 is supported, EPDCCH should also be supported (same motivation as for TM7). Therefore, Cat.0 UEs in Rel-12 should have support of TM1 and TM2 and of PDCCH as mandatory and support of TM7 and of EPDCCH as optional. 
Supporting only TM1, TM2, and possibly TM7 also limits the DL DCI formats the UE needs to support to DCI Format 1A and DCI Format 1. Therefore, in addition to simplifying support for PDSCH reception, unnecessary overhead and UE complexity for PDCCH reception are also avoided. If a reduction in the number of blind decoding operations is deemed beneficial for cost/complexity purposes, only DCI Format 1A can be supported as PRB allocations are typically expected to be small (no need for frequency selective scheduling in multiple PRB groups over the entire DL bandwidth) and frequency hopping can be used for frequency diversity (non-contiguous PRB allocation). Using only DCI Format 1A can be the case at least for coverage limited operation due to its smaller size than DCI Format 1 (~20% at 20 MHz).
Proposal 1: A category UE supports TM1, TM2, and PDCCH (mandatory) and may also support TM7 and EPDCCH (optional). Additional TMs are not necessary to support.
SPS Support
In many application scenarios for Cat.0 UEs, transmissions/receptions can be periodic with a very long DRX cycle. Moreover, traffic will typically include small data transport blocks and therefore the relative overhead of PDCCH to schedule a PDSCH will be larger than for legacy UE categories. Considering the likelihood of a very large number of Cat.0 UEs in a cell, even though many applications can be delay tolerant, not having to rely on scheduling by PDCCH can be beneficial.
Proposal 2: A category 0 UE supports SPS PDSCH and SPS PUSCH.

Soft buffer size

RAN1 concluded to keep the same number of HARQ processes for MTC UEs as for Rel-11 UE categories (FFS for HD-FDD). Therefore, the soft buffer size of a Cat.0 UE can be determining in the same manner as for a Cat.1 UE. Since that for a DL TB size of 1000 bits the sub-block interleaver size is 1056 bits, the soft buffer size per HARQ process is 3x1056=3168 bits and the total soft buffer size is 8x3168=25344 bits. Table 1 shows the new entry in the table of DL UE category in TS36.306 [1]. According to Table 1, ~90% soft buffer savings can be achieved for a Cat.0 UE compared to a Cat.1 UE. Table 2 shows the new entry in the table of UL UE category in [1].
Table 1: Downlink physical layer parameter values set by the field ue-Category
	UE Category
	Maximum number of DL-SCH transport block bits received within a TTI (Note)
	Maximum number of bits of a DL-SCH transport block received within a TTI
	Total number of soft channel bits
	Maximum number of supported layers for spatial multiplexing in DL

	Category 0
	1000
	1000
	25344
	1

	Category 1
	10296
	10296
	250368
	1

	Category 2
	51024
	51024
	1237248
	2

	Category 3
	102048
	75376
	1237248
	2

	Category 4
	150752
	75376
	1827072
	2

	Category 5
	299552
	149776
	3667200
	4

	Category 6
	301504
	149776 (4 layers)

75376 (2 layers)
	3654144
	2 or 4

	Category 7
	301504
	149776 (4 layers)

75376 (2 layers)
	3654144
	2 or 4

	Category 8
	2998560
	299856
	35982720
	8

	Category 9
	452256
	149776 (4 layers)

75376 (2 layers)
	5481216
	2 or 4

	Category 10
	452256
	149776 (4 layers)

75376 (2 layers)
	5481216
	2 or 4

	NOTE:
In carrier aggregation operation, the DL-SCH processing capability can be shared by the UE with that of MCH received from a serving cell. If the total eNB scheduling for DL-SCH and an MCH in one serving cell at a given TTI is larger than the defined processing capability, the prioritization between DL-SCH and MCH is left up to UE implementation.


Table 2: Uplink physical layer parameter values set by the field ue-Category

	UE Category
	Maximum number of UL-SCH transport block bits transmitted within a TTI
	Maximum number of bits of an UL-SCH transport block transmitted within a TTI
	Support for 64QAM in UL

	Category 0
	1000
	1000
	No

	Category 1
	5160
	5160
	No

	Category 2
	25456
	25456
	No

	Category 3
	51024
	51024
	No

	Category 4
	51024
	51024
	No

	Category 5
	75376
	75376
	Yes

	Category 6
	51024
	51024
	No

	Category 7
	102048
	51024
	No

	Category 8
	1497760
	149776
	Yes

	Category 9
	51024
	51024
	No

	Category 10
	102048
	51024
	No


3 Conclusions

This contribution considered some of the remaining issues for the new Category 0 UEs and proposes the following.
Proposal 1: A category UE supports TM1, TM2, and PDCCH (mandatory) and may also support TM7 and EPDCCH (optional). Additional TMs are not necessary to support.

Proposal 2: A category 0 UE supports SPS PDSCH and SPS PUSCH.

References:

[1] 3GPP TS 36.306, “Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) radio access capabilities”
PAGE  
3

