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1 Introduction
Rel-12 work on low-cost MTC introduced a new Category 0 UE which supports a reduced maximum TBS of 1000 bits, single receive antenna operation, and additional HD-FDD support. Whether downlink transmission mode (TM) support should be reduced was discussed, with the conclusion at RAN1#77 that DL TM and EPDCCH support of the Cat. 0 UE are the same as a Cat. 1 UE [1].

For Rel-13, a new work item on further physical layer enhancements for MTC was approved at RAN#65 [2]. The WI has the joint overall objectives of reducing complexity whilst providing a reduction in UE power consumption. One aspect of complexity reduction is whether to support all downlink transmission modes (TMs). In this contribution, we look at the relevance of each TM to a Rel-13 MTC UE and some side-effects of not supporting certain TMs.
Within complexity reduction, note that TM reduction is prioritized in the WID behind only BW reduction, since all other aspects of complexity only ‘to be considered’.
2 DL TM reduction options
The WID states that the new UE for MTC operation in LTE is based on the Rel-12 low-complexity UE, so the baseline for TM support is equivalently Cat. 0/Cat. 1, with a single receive antenna and consequent support for a single spatial layer in DL. In [3], which is expanded in Table 1, we analysed which TMs can be supported according to the transmission schemes available to a 1RX UE. Clearly, multi-layer spatial multiplexing is excluded.
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Table 1: TMs and transmission schemes supported by Cat. 0 UE for C-RNTI.

2.1 Approaches for TM reduction

It is important to consider the overall philosophy of how TM reduction can be done, a part of which is also to consider cost savings. With this in mind, there are a number of ways to approach TM reduction:
1. Whether CRS or DM-RS are used for PDSCH demodulation

2. Whether CRS or CSI-RS are used for CQI calculation

3. Whether the features implied by the TM are needed by the new MTC UE, in terms of:

a. System performance; or 

b. Applicability to MTC scenarios

4. Whether some TMs are equivalent or similar, given a single spatial layer assumption

These different approaches all have some degree of validity when trying to reduce complexity and power consumption. For example, there is some immediate overlap between approaches (3) and (4) because the features offered by a mandatory TM might be supported adequately, or exactly, by another TM under the single spatial layer assumption:

· TM3 with RI=1 is equivalent to TM2. Thus, TM2 can be used instead of TM3.

· For TM4 with RI=1 and TM6, TM4 is similar to TM6 for the reference UE (the main difference in RA, type0/1 RA for TM4 and type2 RA for TM6).

· TM5 can be non-supported for an LTE UE by setting the bit value in the FGI (feature group indicator) to zero considering the motivation of reduced supported DL TMs is to exclude unnecessary TMs for cost saving.

· For TM6 and TM8 with RI=1, PMI computation and feedback will be needed for MTC UEs, with associated processing complexity. In view of this, supporting TM6 or TM8 with RI=1 may need to balance the actually acquired cell spectral efficiency (SE) gain compared to TM2 and increased cost. 

· For TM7, there is no PMI feedback. Therefore, it is mainly applied to TDD based on the channel reciprocity. Similar to the above analysis for TM6 and TM8, whether supporting TM7 may also need to balance the actually acquired cell SE gain compared to TM2 and possible increased cost.

· For TM9 with RI=1 for data transmission, there is no large difference between TM8 and TM9. Both TM8 and TM9 use DM-RS for data demodulation, but TM8 uses CRS for CQI measurements while TM9 uses CSI-RS.
In terms of approach (1), there is the following split of PDSCH demodulation:

· CRS-based: TM1, 2, 3, 4, 5, 6.

· DM-RS based: TM7, 8, 9, 10.

If there is no support for DM-RS, there is a complexity saving in channel estimation. However, as partly seen above, there may be some spectral efficiency and coverage loss by not supporting UE-specific beamforming. In general, there is some relationship to UE power consumption here also, as higher spectral efficiency should result in smaller on-time to receive a given message, but likely higher power consumption from supporting more advanced TM features and CRS as well as DM-RS based channel estimation.

EPDCCH will be useful in supporting bandwidth reduction techniques. Elimination of TMs may be achievable while supporting EPDCCH by using a DMRS-based transmission scheme. However, if DM-RS channel estimation is needed for EPDCCH, then much of the complexity implied in the DM-RS TMs is already included in the UE, so there may be less reason to eliminate those TMs.

In terms of approach (2), this would imply dropping support for TM 9 and/or 10. It is not obvious that there is a strong network-side reason to have no support for CoMP, especially considering the extended coverage objective in the WI, and the ability of CoMP to reduce cell-edge interference compared to more basic TMs. However, it is clear that TM10 comes with additional UE complexity, and some increase to power consumption, to maintain multiple CSI processes, etc. As analysed above, TM9 may be unnecessary if TM8 is retained. However, if TM10 is supported then CSI-RS are already supported and there is little reason on a complexity basis to eliminate TM9.

2.2 CSI/CQI reporting modes reduction

Tables 2 and 3 summarise which PUSCH/PUCCH CSI reporting modes are supported for each TM. The general observation here is that to remove a particular reporting mode requires removing a large number of associated TMs, or removing support for PMI feedback, or support for wideband or subband reporting. At least TMs 8, 9, 10, i.e. the FDD DM-RS modes, have to be entirely eliminated if any CSI reporting mode is to be made redundant purely by TM elimination.

The scope of PMI feedback in the new MTC UE is worth considering. Since the UE will have only 1 RX antenna, and one spatial layer in DL, the benefit of PMI feedback and CL-SM is very limited. Eliminating all PMI-reporting CSI modes has the further benefit of then having the condition that there can be only 1 CSI-RS ports configured for the UE, which reduces complexity considerably. This would reduce the set of supported CSI reporting modes to:

Aperiodic: 2-0, 3-0 for TMs 1, 2, 3, 7, 8, 9, 10.

Periodic: 1-0, 2-0 for TMs 1, 2, 3, 7, 8, 9, 10.

Note that only TM 4, 5, 6 would be eliminated by this method.

An alternative view is that it is worth providing some limited PMI information to eNB so that some advantage can be taken from a multi-antenna installation. Then, there is no need to support UE-selected subbands as there is only one such subband defined in a 6 PRB bandwidth. Similarly, there is no need to implement processing functionality for multiple PMI reports, so we can select just those modes which send either no or a single PMI. This would reduce to:
Aperiodic: 3-0, 3-1.

Periodic: 1-0, 1-1.

This does not eliminate any TMs. Further sub-selection could be done on a CRS vs. DM-RS basis and/or CRS vs. CSI-RS basis as illustrated above, but neither approach by itself would eliminate further CSI reporting modes.

The intersection of these two approaches is to support only aperiodic mode 3-0 and only periodic mode 1-0. This could be a baseline, and evaluations would be needed to determine if there is any meaningful benefit for a narrow bandwidth UE in supporting additional reporting modes.
Proposal 1:

The Rel-13 low-cost UE supports at least CQI reporting modes 1-0 and 3-0. The need for supporting further modes is FFS.
Table 2: Aperiodic CSI reporting modes.
	Reporting Mode
	Type
	PMI(s) reported?
	DL TMs
	Conditions

	1-2
	Wideband
	Y
	4, 6, 8, 9, 10
	CSI-RS>1for TM9, 10

	2-0
	UE selected subband
	N
	1, 2, 3, 7, 8, 9, 10
	CSI-RS=1 for TM9, 10

	2-2
	
	Y
	4, 6, 8, 9, 10
	CSI-RS>1for TM9, 10

	3-0
	eNB configured subband
	N
	1, 2, 3, 7, 8, 9, 10
	CSI-RS=1 for TM9, 10

	3-1
	
	Y
	4, 5, 6, 8, 9, 10
	CSI-RS>1for TM9, 10

	3-2
	
	Y
	4, 6, 8, 9, 10
	CSI-RS>1for TM9, 10


Table 3: Periodic CSI reporting modes.
	Reporting Mode
	Type
	PMI(s) reported?
	DL TMs
	Conditions

	1-0
	Wideband
	N
	1, 2, 3, 7, 8, 9, 10
	CSI-RS=1 for TM9, 10

	1-1
	
	Y
	4, 5, 6, 8, 9, 10
	CSI-RS>1for TM9, 10

	2-0
	UE selected subband
	N
	1, 2, 3, 7, 8, 9, 10
	CSI-RS=1 for TM9, 10

	2-1
	
	Y
	4, 5, 6, 8, 9, 10
	CSI-RS>1for TM9, 10


2.3 Discussion
In general, it seems that the objectives of the work item have some conflicts at this stage in terms of TM reduction. The only TM which looks straightforward to drop is TM5, MU-MIMO. We think that MU-MIMO is not high priority for deployment of MTC UEs in any TM, and therefore supporting a TM dedicated to that is not needed. If MU-MIMO is wanted by an operator, it can be obtained by retaining another TM which has other functionality at the same time.

For the other TMs, the main dividing line is whether or not to support DM-RS with their increased spectral efficiency of operation for PDSCH and EPDCCH, but a complexity and power consumption increase. We have some related analysis in [4] which draws on the study report TR36.888, where the overall impact on modem cost of TM reduction can be marginal (1-5%), depending on how ambitious the approach taken is.
In light of the differing approaches that can be motivated, we suggest deferring decisions on DL TM reduction until after the EPDCCH design for the new UE is clear, and companies have had more time to converge on the relative priorities in the Rel-13 work.

Proposal 2:
The new MTC UE does not support TM5.

Proposal 3:
Defer decisions on support/elimination of other TMs until the EPDCCH design for the new MTC UE is clear.

3 Conclusion
In this contribution we looked at means to reduce the supported DL TMs and CSI reporting modes for the new MTC UE. For CSI reporting modes, we make the following baseline proposal:

Proposal 1:

The Rel-13 low-cost UE supports at least CQI reporting modes 1-0 and 3-0. The need for supporting further modes is FFS.

In general, at this early stage of the work item there is some conflict between the objectives in trying to consistently and safely remove more than a small amount of this functionality. Matters should become clearer once companies have had more time to converge on what the priorities of the various aspects of the WI are. However, one simple step to take is to remove TM5 as it is dedicated only to MU-MIMO, a feature which is not high priority for MTC UEs and which is adequately supported by other, non-dedicated TMs.
We therefore make the following proposals:

Proposal 2:
The new MTC UE does not support TM5.

Proposal 3:

Defer decisions on support/elimination of other TMs until the EPDCCH design for the new MTC UE is clear.
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