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1 Introduction

An open issue for Rel-13 MTC is which downlink transmission modes (TM) to support for low-complexity and coverage-enhanced (LC/CE) UE. It is desirable to eliminate unnecessary TMs to reduce UE implementation complexity. Reduction of TM support also eliminates the corresponding DCI format and CSI reporting format, resulting in complexity reduction for both eNodeB and UE. 

In this contribution we discuss transmission mode reduction. For the DMRS-based TM, we also discuss how to obtain precoding diversity for the UE.
2 Reduced TM Support
There are ten downlink transmission modes defined in LTE Rel-11 as shown in Table 1. There are more PDSCH transmission formats than transmission modes, of which selection depends on the used DCI format to schedule the PDSCH. Since the Rel-13 MTC UE can only receive a single layer, one of the transmission formats, the large delay CDD (corresponds to TM3), 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

	1
	Single antenna port, port 0
	Single antenna port

	2
	Transmit diversity
	SFBC / SFBC+FSTD

	3
	Large delay CDD
	SFBC / SFBC+FSTD

	4
	Closed-loop spatial multiplexing
	Rank 1 precoding

	5
	Multi-user MIMO
	Rank 1 precoding

	6
	Closed-loop spatial multiplexing  using a single transmission layer
	Rank 1 precoding

	7
	Single-antenna port, port 5; Rel.8 DMRS
	Single antenna port / SFBC / SFBC+FSTD

	8
	Dual layer transmission, port 7 and 8 or single-antenna port, port 7 or 8; Rel.9 DMRS
	Single antenna port / SFBC / SFBC+FSTD

	9
	Up to 8 layer transmission, ports 7-14 or single-antenna port, port 7 or 8; Rel.10 DMRS
	Single antenna port / SFBC / SFBC+FSTD

	10
	Up to 8 layer transmission, ports 7-14 or single-antenna port, port 7 or 8; Rel.10 DMRS + Rel.11 CSI enhancements
	Single antenna port / SFBC / SFBC+FSTD


CRS-based transmission modes

The UE needs to be able to operate with any eNB configurations in terms of number of CRS antenna ports. Thus at least the single antenna port, SFBC and SFBC+FSTD need to be supported, since PBCH is transmitted with single port/SFBC/SFBC+FSTD. In other words, TM1 and TM2 need to be supported since PBCH use them. Moreover, transmit diversity is the most robust transmit scheme, and is the fall-back transmit scheme for almost all TMs.  
In terms of the CRS based rank 1 precoding, it is 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 need to set REs aside for DMRS. Among TM 4-6, they all use the same layer mapping in single layer operation. Since TM6 is already defined as closed-loop spatial multiplexing using a single transmission layer, it is a good choice for closed-loop spatial multiplexing. TM6 also has the benefit of using the compact DCI format 1B, and CSI reporting of TM6 already takes into account the single layer condition. 

DMRS-based transmission modes

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. TM10 is more complicated than TM9 and entails Rel-11 CSI enhancements, which is unnecessary complexity for LC/CE UE. Therefore, we propose to support TM9 as the DMRS based transmission mode. 

In summary, we have the following proposals.
Proposals:

· For CRS-based TM, TM1, TM2, and TM6 are supported for the low complexity and coverage-enhanced UE. 

· TM3, TM4, and TM5 are not supported.
· For DMRS-based TM, TM9 is supported.

· TM7, TM8, and TM10 are not supported.

As already mentioned, a reduced set TMs means that only a subset of existing DL DCI formats needs to be monitored by a LC/CE UE.

3 Precoding Diversity

For LC/CE UE, bundling (i.e., repetition of a given transport block across multiple subframes) is necessary. For a transport block transmission that spans multiple subframes in time, time-domain precoding diversity can be obtained, in addition to other types of diversity (e.g., frequency diversity via frequency hopping).

This technique applies to all DMRS-based DL transmission where the precoder Wi is applied to DMRS as well as the modulation symbols of the corresponding PDSCH in the same subframe.  When the UE has sufficiently good frequency tracking of an eNB’s downlink, the UE can coherently accumulate repetitions across a set of M subframes, when it knows that eNB has used the same precoding vector Wi. The UE can use this knowledge to improve channel estimation from DMRS in the M subframes. Therefore, knowing when the same precoding is used also allows it to know when it should perform channel estimation by using the combined reference signals within each set of subframes and coherently combine signals received over different sets of subframes.

From one set of M subframes to the next set of M subframes, the precoding vector may change to obtain spatial diversity. Over N sets of M subframes, the eNB can cycle through a maximum of N potentially different precoding matrices. Note that with DMRS based precoding, the precoding matrices used are transparent to the UE, i.e., it is not necessary to predefine or signal the Wi to the UE.

Note that here precoder Wi is a vector since eNB always use Rank 1 transmission to the LC/CE UE. Because rank 1 precoding is used, only one DMRS port (port 7) is necessary in a given subframe, regardless of the number of antenna elements used to transmit on the DMRS port. This saves RS overhead compared to using more DMRS ports.
To support the precoding diversity described above, the only parameter that needs to be defined is precoder periodicity M. The precoder period during which the same precoder is used can be predefined, or explicitly/implicitly signalled via RRC. 
3.1 Time-domain Precoding Diversity Without Frequency Hopping
DMRS based periodic precoder cycling can be used when frequency hopping is disabled. As illustrated in Figure 3‑1, for transmitting a given information block, N*M subframes are used. The first set of M subframes use precoder W0, the second set of M subframes use precoder W1, …. the N-th set of M subframes use precoder WN-1.  

In this scenario, frequency hopping is not applied. However, due to precoder cycling, spatial domain diversity is achieved to help compensate for the lack of frequency-domain diversity.
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Figure 3‑1 Precoder cycling without frequency hopping

3.2 Time-domain Precoding Diversity With Frequency Hopping
DMRS based periodic precoder cycling can be used with frequency hopping enabled. As illustrated in Figure 3‑2, for transmitting a given information block, N*M subframes are used. The first set of M subframes use precoder W0, the second set of M subframes use precoder W1, …. the N-th set of M subframes use precoder WN-1.  Frequency hopping is applied such that each set can move to a potentially different narrowband location in frequency domain. 

As illustrated in Figure 3‑2, precoder cycling period M can be defined as a function of frequency hopping period to reduce signalling overhead. In Figure 3‑2, for simplicity, precoder cycling period M is the same as a function of frequency hopping period.
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Figure 3‑2 Precoder cycling with frequency hopping

Proposal:

· Precoding diversity is adopted to support DMRS-based PDSCH transmission for LC/CE UE. 

4 Conclusions

Proposals:

1. For CRS-based TM, TM1, TM2, and TM6 are supported for the low complexity and coverage-enhanced UE. 

· TM3, TM4, and TM5 are not supported.

2. For DMRS-based TM, TM9 is supported.

· TM7, TM8, and TM10 are not supported.

3. Precoding diversity is adopted to support DMRS-based PDSCH transmission for LC/CE UE.
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