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Discussion/Decision
1
Introduction
In RAN1 #80, the followings have been agreed for the PUSCH coverage enhancement:

Agreements:
· For ‘physical channel(s) carrying UL data’ repetition (including different RVs) for Rel-13 low complexity MTC UEs with a coverage enhancement mode, the following techniques are supported

· Multiple-SF channel estimation

· Frequency hopping over system bandwidth across subframes

· Network can enable or disable the hopping
· FFS details of configuration

· FFS on other techniques

In addition, multi-subband based transmission has been agreed for uplink transmission in the RAN1 #80bis meeting as following:

Agreements:
· A set of DL and UL narrow-band(s) are known to UE
· Definition of narrow-band(s) is specified in the spec
· FFS details of a definition of narrow-band(s)

· FFS on how to UE knows available narrow-band(s) for MTC UEs
· One narrow-band size is 6PRB
· FFS on other narrow-band size(s)
· PRBs in a narrow-band are aligned with legacy PRB mapping
· Frequency hopping over the system bandwidth is not used for at least
· PSS/SSS
· PBCH
· At least in CE, frequency hopping over the system bandwidth can be used for common message for Rel-13 MTC UEs (RAR, paging, MTC SIB(s), FFS on response for message 3)
· Hopping pattern between narrow-bands is supported
· FFS on details of hopping pattern
In this contribution, we discuss on the remaining issues on PUSCH coverage enhancement for MTC UE.
2
PUSCH transmission with multiple subbands
In RAN1 #80bis, the multiple subbands configuration for uplink transmission was agreed for MTC UE and the UE in enhanced coverage. Also, it was agreed as a working assumption that a DCI associated with a PDSCH scheduling may indicate the subband index for frequency selective scheduling in normal coverage case.
As similar to the PDSCH transmission, the frequency selective scheduling may be beneficial for PUSCH transmission at least for normal coverage case as far as the uplink CSI is available at the eNB scheduler from SRS transmission. Therefore, an indication for the uplink subband index for PUSCH transmission can be also supported assuming that SRS is supported for normal coverage UE.
Proposal-1: frequency selective scheduling is also supported for PUSCH transmission
In order to reduce the uplink signalling overhead and the subband indication bits in the DCI, a cell-specific and a UE-specific subbands configurations may be used. For example, a cell-specific subbands may be predefined according to the system bandwidth or configured via broadcasting channel and the subset of cell-specific subbands may be configured in a UE-specific manner. Therefore, a group of UEs may share the same set of subbands while another group of UEs may be multiplexed in a different subset of subbands.

Proposal-2: a cell-specific and a UE-specific multiple subbands configurations are supported
The frequency hopping in coverage enhancement mode of operation provides frequency diversity gain at the receiver since the same signal will be received through different channels. On the other hand, the frequency hopping for the UE with normal coverage may increase time diversity gain for HARQ retransmissions. Therefore, as long as the support of frequency hopping doesn’t increase the specification efforts significantly given that the frequency hopping is used for coverage enhancement, it seems to be beneficial to support the frequency hopping for MTC UE with normal coverage as well.
Proposal-3: frequency hopping for MTC UE with normal coverage is also supported

3
DM-RS density increment
It has been proposed to increase the DM-RS density for PUSCH in order to improve the channel estimation (CHEST) performance which may lead to the reduced the number of repetitions especially in the low SNR region. The figure 1 shows an example of the increased DM-RS by introducing two additional DM-RS symbols at the first SC-FDMA symbol in each slot. One potential benefit of the increased DM-RS density could be that the frequency hopping could be used together to increase the diversity gain at the same time.
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Figure 1. An example of the increased DM-RS for PUSCH coverage enhancement. 
Since RAN1 has agreed to support cross-subframe channel estimation and frequency hopping for PUSCH coverage enhancement in the previous meeting, the benefit of the increased DM-RS density should be investigated together with the agreed PUSCH coverage enhancement techniques. The following cases are evaluated in link level to see the benefit of the increased DM-RS density:

· Normal DM-RS: 1xDMRS with N subframe average + frequency hopping
· Increased DM-RS density: 2xDMRS with N subframe average + frequency hopping

The figures 2 and 3 show the BLER performance of 1xDMRS and 2xDMRS cases according to the number of repetitions and the number of subframe used for cross-subframe channel estimation. As seen in the figures, the increased DM-RS density performs even worse when the small number of repetition is used due to the loss of the channel coding gain and provides a slight performance gain in the very low SINR region.
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Figure 2. BLER performance of 1xDMRS and 2xDMRS according to # of repetitions (4 subframe averaging).
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Figure 3. BLER performance of 1xDMRS and 2xDMRS according to # of repetitions (8 subframe averaging).

Observation: the increased DM-RS density provide a marginal gain in very low SNR region while it performs even worse if the number of repetition is relatively small due to the loss of the channel coding gain.

From the observation, the gain from the increased DM-RS density seems to be marginal in a certain SNR range while it requires specification efforts and additional implementation complexity. Furthermore, the increased DM-RS density results in performance loss in a certain SNR range since it loses data REs which leads to higher coding rate for the PUSCH transmission while the channel estimation gain from the increased DM-RS density is limited.

Proposal-4: DM-RS density increment is not supported for PUSCH coverage enhancement
4
Conclusion
In this contribution, we discussed on the remaining issues for the PUSCH for MTC UE and evaluated the potential benefit of the increase DM-RS density for PUSCH coverage enhancement. From the discussions and observations, we propose followings:
Proposal-1: frequency selective scheduling is also supported for PUSCH transmission
Proposal-2: a cell-specific and a UE-specific multiple subbands configurations are supported
Proposal-3: frequency hopping for MTC UE with normal coverage is also supported

Proposal-4: DM-RS density increment is not supported for PUSCH coverage enhancement
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Annex
Table 1. Simulation Assumptions
	Parameter
	Setting

	System bandwidth
	10 MHz

	Frame structure
	FDD

	Carrier frequency
	2.0 GHz

	Antenna configuration
	2x1, low correlation

	Channel model
	EPA

	Channel estimation
	Realistic (averaging over time)

	Resource allocation
	1 PRB

	Doppler spread
	1Hz

	Performance target
	10% BLER

	MCS
	5


_1484063668.vsd
Slot 1


Slot 2


Uplink Subframe (PUSCH)


Data


DMRS


Additional DMRS for CE



