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Introduction
This document discusses the resource indication method for NB-PUSCH with ACK/NACK only.
Discussion
In RAN1#84, [1] was proposed after the offline discussion. Email discussion [84-10] was held on the document. The document propose following. We agree the contents in [1] and we further discuss A/N resource indication in this document.
	
· Aperiodic CSI is not supported
· UCI piggybacking on PUSCH is not supported 
· 1 bit A/N is transmitted via NB-PUSCH structure with the following changes
· CRC is not used
· Repetition coding is used
· single tone is supported
· Both 3.75 and 15 subcarrier spacing are supported
· FFS whether to support multi tone
· The resource unit size for A/N transmission is [2] msec in 15 kHz and [8] msec in 3.75 kHz
· No additional DCI field is assumed to indicate the starting time of A/N transmission corresponding to a PDSCH 
· Frequency location of A/N resource is derived from  
· NB-PDCCH (CCE and/or subframe index) and/or NB-PDSCH (subframe index) and
· Indication of offset value from DL grant 
· The repetition number of NB-PUSCH carrying A/N is semi-statically configured
· A/N is transmitted after k subframes from the last repetition of NB-PDSCH
· Alt 1: k is fixed
· The set of A/N resources (in frequency) are configured per PRACH repetition level
· Alt 2: k is variable and is implicitly determined to align A/N transmission with configured A/N resources
· The set of A/N resources (in time and frequency) are configured per PRACH repetition level




On A/N resource indication, Alt 1 described has the benefit to minimize the latency and increase the throughput of the UE. On the other hand, different UE's Ack/Nack transmission timing could be misaligned and more difficult to multiplex (multi-carrier) PUSCH for data and Ack/Nack transmission in the same PRB. This situation is shown in Fig.1 Therefore, it is not efficient in high load condition. Alt 2 means Ack/Nack is transmitted at some fixed position. Then different UE's ACK/NACK can be FDMed in the same timing and packing efficiency is improved. On the other hand, UE's ACK/NACK is transmission is delayed and UE throughput is reduced. So it is efficient in high load condition but not good from UE throughput perspective. As alt 1 and 2 has pros and cons, we think dynamic selection of two alternatives is efficient. Then depending on the resource congestion, the operation can be switched. The indication method is proposed as table 1.


Fig.1 Fragmented resource usage in the uplink by fixed timing offset

Table 1: Ack/Nack transmission timing and frequency offset
	Ack/Nack transmission timing and frequency offset
	Timing of Ack/Nack transmission
	Frequency position of Ack/Nack transmission

	0
	The starting of ACK/NACK is t1 subframe later after the end of PDSCH repetition.
	Same as the default.

	1
	
	The default +1

	2
	
	The default +2

	3
	
	The default -1


	4
	The starting of ACK/NACK is t1 + t2 subframe later after the start of the search space. t2 is semi-static configuration and the network has the responsibility that it's value is larger than Rmax of NBPDCCH + maximum number of PDSCH repetition.

	Same as the default.

	5
	
	The default +1

	6
	
	The default +2

	7
	
	The default -1



On the timing discussion, following is RAN1#84 situation.
	Working Assumptions:
· The start of an NB-PDCCH search space is >=4ms after the end of the last NB-PDCCH search space
· The start of NB-PDSCH transmission is >=4ms later than the end of its associated DL assignment




In the table 1, "t1" corresponds to 4 ms if working assumption is confirmed. Our view is to confirm working assumption is ok. The "t2" value is semi-static configuration value counted from the starting subframe of the search space. It is also possible to define the value to count from the end of the maximum PDSCH repetition.
The default frequency position can be defined like following.
Mod (RNTI, 8) = sub carrier number
RNTI is C-RNTI for unicast transmission and Temporally-RNTI for Msg 4 reception.


Conclusion
We propose to agree the content in [1]. We further propose the timing of Ack/Nack is dynamically selected among two configurations. One is fixed offset from the end of NB-PDSCH and the other is semi-static offset from the start of the search space (or offset from the end of maximum NB-PDSCH). By such selection, the latency and efficiency trade-off can be selected by the scheduler.
The frequency position of A/N is obtained from the modulo operation of RNTI. The frequency position is also adjusted by DCI.
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