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1 Introduction
An open issue is which downlink transmission modes to support for the low complexity UE category. Each transmission mode consists of two or more different layer mappings (depending on the DCI format used to schedule the downlink) and a set of CSI feedback modes. In this contribution we discuss whether some mode reductions could provide complexity reductions for the Rel-12 low complexity UE category.
2 Downlink transmission modes
There are ten downlink transmission modes defined in LTE Rel-11, see the table below. There are more PDSCH transmission formats than transmission modes, of which selection depends on the used DCI format to schedule the PDSCH. Since the new UE category only can receive a single layer, one of the transmission formats, the large delay CDD, cannot be supported. It then turns out that there are four possible layer mappings remaining, the single antenna port (for both single CRS port and one DMRS port based demodulation), the rank 1 precoding for CRS based modes and the transmit diversity for 2 and 4 CRS ports respectively. 
Table 1: Downlink transmission modes in LTE Rel-11

	TM
	Purpose
	Layer mapping for single layer operation
	Mandatory (M) or Optional (O)

	1
	Single antenna port
	Single antenna port
	M

	2
	TX Diversity
	SFBC / SFBC+FSTD
	M

	3
	Open loop spatial multiplexing
	SFBC / SFBC+FSTD
	M

	4
	Closed loop spatial multiplexing
	Rank 1 precoding
	M

	5
	MU-MIMO
	Rank 1 precoding
	M

	6
	Closed loop spatial multiplexing, single layer
	Rank 1 precoding
	M

	7
	Rel.8 DMRS, single layer
	Single antenna port / SFBC / SFBC+FSTD
	M

	8
	Rel.9 DMRS, dual layer
	Single antenna port / SFBC / SFBC+FSTD
	M

	9
	Rel.10 DMRS, 1-8 layers
	Single antenna port / SFBC / SFBC+FSTD
	M

	10
	Rel.10 DMRS + Rel.11 CSI enhancements, 1-8 layers 
	Single antenna port / SFBC / SFBC+FSTD
	O


The UE needs to be able to operate with any eNB configurations in terms of number of CRS antenna ports, which means that at least the single antenna port, SFBC and SFBC+FSTD need to be supported (since PBCH is transmitted with single port/SFBC/SFBC+FSTD). Obviously, TM1 needs to be supported and since TM2 and TM3 use the same layer mapping in case of single layer reception, it is sufficient to support one of them, e.g. TM2, for simplicity.
Moreover, a DMRS based single antenna port transmission mode needs to be supported to take advantage of the precoding gain of up to eight CSI-RS port eNBs. Therefore, we propose to support TM9 as the DMRS based transmission mode. 
Moving on to the CRS based rank 1 precoding, which is a different from DMRS based modes since the UE must, for each RE, multiply the estimated MISO channel with the precoding vector signalled in the TPMI. On the other hand, TM 4-6 has less RS overhead since there is no DMRS present. Moreover, TM 4-6 all use the same layer mapping, and we propose that only TM 4 is supported, for simplicity. 
Note also that TM10 is optional, so this will anyway be signalled as a capability from the UE to the network and should therefore be optionally supported. 
To summarize, we then have four transmission modes remaining, reflecting the four different layer mappings/reference signals in LTE restricted to single layer operation.
Proposal:

· We propose that TM1, TM2, TM4 and TM9 are supported for the low complexity UE.  TM10 remains to be optionally supported.

Note that this also implies that only a subset of all the DL DCI formats needs to be monitored by a low complexity UE (1, 1A, 1C, 2, 2C).
3 CSI feedback

Regarding CSI feedback, it is observed that only the rank 1 PMI codebook needs to be searched by the UE which gives some complexity reduction. Further complexity reduction can be achieved if the feedback involving multiple PMI reports (per subband) can be removed so that only single PMI reporting modes are supported. It is highly questionable if the low complexity UE needs to support the advanced precoding CSI feedback modes of PMI per subband and UE selected subbands. Advanced frequency selection in the feedback does not seem necessary for these low complexity UEs and there will be further reduction in complexity if these need not be implemented. 

Furthermore, there will be complexity and battery savings if the supported periodicity of CSI reporting is longer. It is also impractical to have low periodicity of CSI reporting in HD-FDD mode. Considering the UL HARQ round trip time of 8 ms, it is desirable to maintain only the larger CSI periodicity of {40, 80, 160, 64, 128} ms 
Our proposals are thus the following:

Proposals:

· For aperiodic CSI reports, Modes 3-0 and 3-1 are supported.  

· For periodic CSI reports, Modes 1-0 and 1-1 are supported for the larger CSI periodicity of {40, 80, 160, 64, 128} ms.

4 Conclusions

We have the following proposals regarding transmission mode support and CSI feedback support.
Proposals:

· We propose that TM1, TM2, TM4 and TM9 are supported for the low complexity UE.  TM10 remains to be optionally supported.

· For aperiodic CSI reports, Modes 3-0 and 3-1 are supported.  

· For periodic CSI reports, Modes 1-0 and 1-1 are supported for the larger CSI periodicity of {40, 80, 160, 64, 128} ms.
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