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1. Introduction
Agreement:

· The resource allocation (RA) for PDSCH and PUSCH in normal and small coverage is based on a narrowband index and further a resource allocation within the indicated narrowband 

In this contribution, we provide our view on PUSCH design for MTC. 

2. PUSCH Channel Design 
The following aspects are considered for PUSCH:
· Half duplex operation: 

· Half duplex operation should be supported, such that no simultaneous DL and UL channels. This allows more efficient RF implementations, e.g. on chip PA and elimination of duplexer. 

· Support increasing RS density:

· For large coverage enhancement with long TTI bundling, where channel estimation is a bottle neck
· Support of 3-4 coverage levels with RRC configuration: 

· One of the levels should be long enough to capture implementation impairments for 15 dB CE
· Where to transmit ACK/NACK when bundled ACK/NACK on PUCCH overlaps with bundled PUSCH: 

· On all subframes where they overlap, ACK/NACK is transmitted within the PUSCH
3. Reference Signal Design for Coverage Enhancement
We consider frequency hopping and TTI bundling for both DL and UL data channels for MTC communications. For large coverage enhancements with long TTI bundling, channel estimation is a bottle neck. Increasing RS density is a natural solution; however, for low cost devices it is not desirable to have large storage to perform channel estimation then go back to do demod. 
We consider transmission high density of the DMRS in the beginning of each burst for long bundled transmissions. One example is to transmit an entire subframe with DMRS pilots (MRS subframe) in the beginning of each burst. Regular DMRS can be used in the following subframes within each burst. The main benefit of this technique is:
1. Minimize specification impact, simply define an all RS symbol/slot/subframe
2. Simple implementation: immediate boost in channel estimation and tracking loop
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Figure 1. MRS subframe in the beginning of each burst

One example of MRS subframe is presented in Figure 1, where the first subframe(s) of each burst in frequency hopping with TTI bundling is assumed to be MRS subframe(s).

Figure 2 shows the achievable gain with increased DMRS density in the beginning of each hop. 
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Figure 2: Achievable Gains with MRS in the beginning of each hop

Proposal 1: Consider enhanced DMRS for large coverage enhancements by inserting a DMRS only subframe in the beginning of the bundled transmission.  
4. Handling of Collision of Bundled ACK Transmission with PUSCH
In RAN1#80b it was agreed that for UEs operating in enhanced coverage, at least when PUCCH resource is configured, HARQ-ACK and SR over PUCCH is supported. As the current design for ACK is mostly optimized for single TTI transmissions, for bundled TTI such as in coverage enhancements, we need to address some issues, like how long the bundled ACK should be transmitted on PUCCH, where to transmit bundle ACK when it collides with PUSCH transmission, etc. 

For a UE in extended coverage, PUSCH bundle size can imply the bundle size needed for ACK on PUCCH. Thus to reduce the required signaling we propose that ACK and PUSCH bundling sizes are linked. Therefore only one set of bundled transmissions, e.g. PUSCH, needs to be signaled. Then UE calculates the corresponding ACK bundle size according to the PUSCH bundle size.
Proposal 2: ACK and PUSCH bundling sizes are linked, then only signal one set of bundled transmissions, e.g. PUSCH, UE calculates the corresponding ACK bundle size according to the PUSCH bundle size.
For a regular UE in normal coverage, if ACK transmission on PUCCH overlaps with PUSCH data transmission, PUCCH is dropped and ACK is transmitted on PUSCH. For a UE in extended coverage, another issue arises where ACK bundle is within PUSCH bundle transmission (partially or completely). Here is our proposal to address this issue:
Proposal 3: On all subframes where ACK bundled transmission and PUSCH overlap, ACK is transmitted on the PUSCH.
While ACK resources on PUSCH is optimized for single TTI transmission, with bundled transmissions, we need to determine resources required for ACK on PUSCH. Our proposal is to calculate the resources for bundle ACK based on the TTI bundle size. In this case, e.g., eNB configures two or more different sets of parameters for ACK resource determination; one for the case without bundling and one for the case with bundling. Then depending on the bundle size, UE determines resources for ACK.
Proposal 4: Depending on the bundle size, UE determines required resources for ACK.
5. Link Analysis for PUSCH
For PUSCH simulations, we assume a single-antenna MTC UE, while the eNB is equipped with 2 receiving antennas. The simulated channel model is EPA with Doppler spread of 1Hz. In this setting, we transmit PUSCH payloads 16, 72 and 328 bits that are fitted in 1PRBs with respectively MC0, 5 and 6. We also consider payload 1000 bits with MCS10 which is filled in 6PRBs. Similar to PDSCH simulations, we assume hops are separated by 23RBs and 1ms is the burst gap for frequency retuning.
In the following link budget calculations it is assumed that UE Tx power=20 dBm  and eNodeB Rx noise figure=5 dB.

Proposal 5: Support of 3-4 coverage levels with RRC configuration. One of the levels should be long enough to capture implementation impairments for 15 dB CE.
Table 1: Achieved SNR for 10% Target FER and MCL with Bundling
	 
	dB\Bundle
	8
	16
	32
	64
	128
	256
	512
	1024

	PDSCH
16bits
	Req. SINR
	-11.2
	-14
	-16.5
	-19.1
	-20.9
	-22.6
	-24.75
	

	
	MCL
	147.64
	150.44
	152.94
	155. 54
	157.34
	159.04
	161.19
	

	PDSCH
328bits
	Req. SINR
	-7.85
	-10.7
	-13.65
	-16.2
	-18.4
	-20.4
	-22.75
	-24.2

	
	MCL
	144.29
	147.14
	150.09
	152.64
	154.84
	156.84
	159.19
	160.64

	PDSCH
504bits
	Req. SINR
	-1.8
	-5.6
	-9
	-12.1
	-14.6
	-16.8
	-19.6
	-21.6

	
	MCL
	138.24
	142.04
	145.44
	148.54
	151.04
	153.24
	156.04
	158.04

	PDSCH
1000bits
	Req. SINR
	
	
	
	
	-14.6
	-16.8
	-19.6
	-23

	
	MCL
	
	
	
	
	143.26
	145.46
	148.26
	151.66


Note that in these simulations, channel estimation enhancement is applied, where the channel estimates are filtered in time within the bundle. However, we assumed the following ideal situation:

1. No timing error

2. No frequency error

3. No phase shift within a bundle

4. No RF impairment

6. Summary
In this contribution we presented our views on the techniques for physical data channels. We make the following proposal:

Proposal 1: Consider enhanced DMRS for large coverage enhancements by inserting a DMRS only subframe in the beginning of the bundled transmission.  
Proposal 2: ACK and PUSCH bundling sizes are linked, then only signal one set of bundled transmissions, e.g. PUSCH, UE calculates the corresponding ACK bundle size according to the PUSCH bundle size.
Proposal 3: On all subframes where ACK bundled transmission and PUSCH overlap, ACK is transmitted on the PUSCH.
Proposal 4: eNB configures two or more different sets of parameters for UCI resource determination; one for the case without bundling and one for the case with bundling. Depending on the bundle size, UE determines resources for UCI.
Proposal 5: Support of 3-4 coverage levels with RRC configuration. One of the levels should be long enough to capture implementation impairments for 15 dB CE.
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