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Introduction
[bookmark: OLE_LINK5][bookmark: OLE_LINK272][bookmark: OLE_LINK273]The following agreements on indication of UL resource for UCI transmission had been made in RAN1 email discussion [84-10]:
·  Frequency offset for A/N transmission resource is dynamically indicated by DL grant 
·  FFS whether time resource of A/N transmission is also indicated by DL grant or implicitly determined. 
As well as in RAN 1 NB-IoT adhoc 2: 
· Baseline subcarrier index to which the frequency offset carried in DCI is applied is not higher layer signaled 
Details FFS in RAN1
FFS:
Proposals: 
· [bookmark: OLE_LINK13]Baseline time location of A/N resource is the first starting subframe after 12msec + end of the last subframe of the associated PDSCH transmission 
· Starting subframe of A/N transmission  can be restricted 
· Time location/offset of A/N resource is indicated in DL grant pending UL grant size discussion 
· Note: intention is use padding bits to support this. Otherwise, time location/offset is not signaled. 

In addition, in RAN 1 NB-IoT adhoc 2, some discussions are made on DMRS for UCI demodulation:

Working Assumption:
· Support 3 DM-RS symbols per 7 symbol period
· The DM-RS sequence is obtained as
· Use  single tone DM-RS PUSCH spread by length 3 OCC sequence defined for PUCCH
· 
The OCC ID is pseudo-randomly selected (from existing OCCs) according to 
· [bookmark: OLE_LINK15]Working Assumption can be changed to 1 DMRS symbol at RAN1#84bis if significant gain is not observed compared to 1 DMRS symbol. 

In this paper, the remaining issues for UCI are discussed including resource indication as well as DMRS density for UCI transmission.
Indication of resource for UCI transmission
There are about 6 bits different between DCI for PDSCH and PUSCH. There is no need to use all 6 bits for resource indication of UCI if the flexibility provided by 4 bits is sufficient. 2 bits can be reserved for future release, e.g., RV for DL. 
Time offset
NB-PUSCH may occupy all 12 tones for up to 10 or more subframes (with repetition). Therefore, time offset is needed for UCI transmission to avoid blocking issue. 1 bit can only provide 2 values, i.e., {0, x ms}, which can only provide one additional candidate in time domain. Considering NB-PUSCH occupied 12 tones, and 8ms granularity of 15kHz single tone transmission, 2 bits with 4 offset values are more reasonable. Baseline time location of A/N resource is proposed to define as the first starting subframe after 12ms + end of the last subframe of the associated PDSCH transmission to ensure enough processing for low cost device. Considering 2ms and 8ms granularity for 15kHz and 3.75kHz, the time offsets to the baseline time location are proposed to be defined as
· For 15kHz, {0, 2, 4, 8}ms
· For 3.75kHz, {0, 8, 16, 32}ms
Proposal #1: Baseline time location of A/N resource is the first starting subframe after 12ms + end of the last subframe of the associated PDSCH transmission 
Proposal #2: 2 bits are used to indicate time offset with the following set: 
· for 15kHz, {0, 2, 4, 8}ms
· for 3.75kHz, {0, 8, 16, 32}ms
Baseline subcarrier and offset
Since it is agreed that no higher layer signaling is used for baseline subcarrier indication, it is either predefined in specification or implicit indicated by other parameter. There are 12 tones for 15kHz and 48 tones for 3.75kHz. Even with 4 bits in DCI, only 16 offsets can be provided. For 3.75kHz, in order to be able to indicate any subcarrier within 48 subcarriers, implicit indication of baseline subcarrier is needed. Trading off specification effort and DCI overhead, 2 bits in DCI with 4 offsets could be enough with implicit indication of the baseline subcarrier. The rest 2 bit in DCI for NB-PDSCH can be reserved for future release. 
Some parameters can be used to indicate baseline subcarrier, e.g., RNTI, NB-PDCCH subframe index or CCE index, NB-PDSCH subframe index. It is not suitable to use RNTI because eNB can only avoid collision by selecting different UE. CCE index is not suitable either since there are only 2 CCE indexes without new indexing effort. On the other hand, NB-PDSCH start/end subframe may have more values since NB-PDCCH is highly related to the starting subframe of search space, which may restricted to some particular subframes. As a result, it is proposed to use starting subframe index of NB-PDSCH to implicitly indicate frequency resource for UCI transmission. More specifically, the subcarrier index for UCI transmission for 3.75kHz is , where  is radio frame index,  is the starting slot of NB-PDSCH, and  is the offset indicated in DCI. Considering the potential collision with PRACH resource,  may need a large range to avoid collision, for example,  is from {0, 3, 6, 9} for 15kHz and {0, 12, 24, 36} for 3.75kHz.

Proposal #3: 2 bits are used to indicate frequency domain offset from {0, 3, 6, 9} for 15kHz and {0, 12, 24, 36} for 3.75kHz. The subcarrier index for UCI transmission is defined by .
DM-RS density of UCI transmission
Table 1 summarized performance of UCI transmission with 1/7 or 3/7 RS density, where simulation assumptions are summarized in Table 2 in appendix. From the results, we can observe that there are about 2.4dB~4.2dB gap with 1/7 RS density vs 3/7 RS density. The gain is quite significant. With better performance, it could help UE to save transmission time or reduce UL transmission power. Therefore, we proposed to confirm the working assumption of 3/7 RS density.
Table 1 Summary for different RS density
	
	3.75kHz
	15kHz

	
	1/7RS
	3/7RS
	1/7RS
	3/7RS

	1 subframe CE
	3.6dB
	-0.6dB
	1.5dB
	-0.9dB

	2 subframe CE
	1.6dB
	-1.6dB
	-
	-



Proposal #4: Confirm the working assumption on DM-RS density for UCI transmission:
· Support 3 DM-RS symbols per 7 symbol period
· The DM-RS sequence is obtained as
· Use  single tone DM-RS PUSCH spread by length 3 OCC sequence defined for PUCCH
· 
The OCC ID is pseudo-randomly selected (from existing OCCs) according to 
[bookmark: OLE_LINK52][bookmark: OLE_LINK53]Conclusion
In this contribution, we discussed the remaining issues for UCI transmission. On resource indication, we proposed:
Proposal #1: Baseline time location of A/N resource is the first starting subframe after 12msec + end of the last subframe of the associated PDSCH transmission 
Proposal #2: 2 bits are used to indicate time offset with the following set: 
· for 15kHz, {0, 2, 4, 8}ms
· for 3.75kHz, {0, 8, 16, 32}ms
Proposal #3: 2 bits are used to indicate frequency domain offset from {0, 3, 6, 9} for 15kHz and {0, 12, 24, 36} for 3.75kHz. The subcarrier index for UCI transmission is defined by .

In addition, we discussed impacts of DM-RS density for UCI transmission, and we proposed: 
Proposal #4: Confirm the working assumption on DM-RS density for UCI transmission:
· Support 3 DM-RS symbols per 7 symbol period
· The DM-RS sequence is obtained as
· Use  single tone DM-RS PUSCH spread by length 3 OCC sequence defined for PUCCH
· 
The OCC ID is pseudo-randomly selected (from existing OCCs) according to 
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Appendix
Table 1 gives the simulation assumptions for above simulation results.
[bookmark: _Ref431302942]Table 2 Simulation assumptions for ACK/NACK transmission
	Parameter
	Value

	Propagation channel model
	ETU

	Maximum Doppler spread
	1 Hz

	Antenna configuration
	MS: 1Tx, BS: 2Rx

	Timing error
	Randomly chosen from [-2.5, 2.5] us

	Frequency error
	F_offset(t) = F_est_error + (F_drift_active * t)

	NB-IOT specific frequency error  (F_est_error)
	[bookmark: OLE_LINK1]Randomly chosen from [-50, 50] Hz

	Frequency drift rate (F_drift_active)
	22.5 Hz/second

	Subcarrier pacing
	15kHz, 3.75kHz

	CRC attachment
	no

	Coding scheme
	Repetition coding

	Modulation scheme
	BPSK

	DMRS density
	1/7, 3/7

	Resources for once transmission
	28 REs within 2ms for 15kHz and 8ms for 3.75kHz
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