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1 Introduction

Until RAN1 NB-IoT Ad-Hoc#2 meeting, the following agreements have been achieved. Remaining details on UCI are further discussed in the contribution, including resource allocation of single-tone ACK/NACK only transmission.
Agreements:
· Periodic CSI and dedicated SR is not supported in Rel-13 NB-IoT

· Transmission of ACK and/or NACK corresponding to NB-PDSCH is supported

· Both 3.75 and 15 kHz subcarrier spacing are supported in transmission of ACK and/or NACK

· FFS for the piggy back of SR

· For ACK/NACK only transmission of NB-PDSCH in NB-IoT:

· Only single tone transmission is supported

· ∏ /2-BPSK modulation is used for single tone transmission

· Transmission channel design of only 1 bit A/N via PUSCH structure with the following changes: 

· No CRC 

· Repetition coding is used 

· Resource unit size: Smaller resource unit size (such as 2 msec with 15 kHz or 8 msec with 3.75 kHz) is used 

· 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.

· A/N transmission subcarrier spacing is same to the subcarrier spacing configured for PUSCH when single tone transmission is used for A/N transmission

· The size of resource unit for A/N transmission is 2 msec for 15 kHz single tone and 8 msec for 3.75 kHz single tone transmission

· Number of repetitions for A/N transmission corresponding to Msg 4 is semi-statically configured by SIB per PRACH resource set

· This is used as a default value to number of repetitions for A/N transmission after Msg4

· Number of repetitions of A/N resource unit is semi-statically configured by RRC signaling at least if the associated NB-PDSCH is after Msg4
· A/N piggybacking on PUSCH is not supported in Rel-13

· Baseline subcarrier index to which the frequency offset carried in DCI is applied is not higher layer signaled 

· Details FFS in RAN1

· 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 
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· Working Assumption can be changed to 1 DMRS symbol at RAN1#84bis if significant gain is not observed compared to 1 DMRS symbol. 

2 Remaining details of ACK/NACK transmission for NB-PDSCH 
2.1 Design principle

The single tone based ACK/NACK PUSCH transmission resource unit has been agreed. The remaining details about ACK/NACK feedback of PDSCH is how to allocate the frequency domain and time domain resource for single tone ACK/NACK only transmission. 
To save the additional DCI signaling, several bit-length of ACK/NACK resource indication field should be introduced in DL grant DCI. The length of the ACK/NACK resource indication field should be limited to few number of bits, such as 4bits.

Proposal 1: 4 bit length ACK/NACK resource indication field is introduced in DL grant DCI for resource indication of ACK/NACK transmission.

Considering the DCI is compacted in NB-IoT and the space is limited, some implicit indication can be considered. However, in NB-IoT the NB-PUSCH transmission may have quite long duration, and it would be difficult for the scheduler to avoid the collisions between NB-PUSCH of normal data and the PUSCH for ACK/NACK if some fixed time or frequency domain relationship is used. It is very important to keep the scheduling flexibility of the NB-PUSCH. Hence, it is suggested not to use pure implicit indication in both time domain and frequency domain. Explicit indication over some reference resources that are known from implicit calculation/pre-configuration or hardcoded in the spec is believed to be the correct direction to balance the flexibility and DCI overhead.
Proposal 2: Explicit indication over a reference resource that is based on implicit calculation/pre-configuration or hardcoded in the specification is used to balance the flexibility and DCI overhead.

There were some discussions on how to allocate the bit number for frequency domain indication and time domain indication. One proposal was to fix the bit-length of fields for indication of frequency domain and time domain respectively regardless of the subcarrier spacing. However, it is known that 3.75 kHz NB-PUSCH for ACK/NACK has longer transmission duration in time but with better granularity in frequency domain. Hence, in this sense, there should be more bits indication in frequency domain for 
3.75 kHz NB-PUSCH of ACK/NACK. Considering the transmission time is longer, fewer bits can be used for time domain resource indication of 3.75 kHz ACK/NACK than for the 15 kHz counterpart. We think the total number of bits for ACK/NACK resource indication could be the same but the number of bits for frequency domain and time domain respectively should depend on the used subcarrier spacing. The network should be able to allocate the same set of resource area (bandwidth × time) for either 3.75 kHz or 15 kHz ACK/NACK transmission by using the same length of ACK/NACK resource indication field.
Proposal 3: eNB should be able to allocate the same resource area for ACK/NACK transmission for 3.75 kHz and 15 kHz subcarrier spacing by using the same length of ACK/NACK resource indication field.

Proposal 4: The number of bits for frequency domain and time domain ACK/NACK resource allocation should depend on subcarrier spacing.

Regarding the time domain resource indication using 1~2 bits offset indication relative to some reference time point seems sufficient. Regarding the determination of the reference time point, one proposal was to use a fixed timing relative the last subframe of NB-PDSCH (e.g. 12ms later than the last subframe of NB-PDSCH). As shown in Figure 1, the schedulable time unit of NB-PDSCH is 1ms but for NB-PUSCH of ACK/NACK, the resource unit in time domain is 2ms or 8ms. Also, the NB-PDSCH of one UE can be continued by several subframes. So, the time domain reference point of different NB-PDSCHs will misaligned and may have quite large gap between them. By using limited number of time domain offset indication in DL grant DCI, it is not easy to allocate aligned uplink resource for ACK/NACK transmissions among different UEs. This will tend to scatter the UL frequency resource, and eliminate some of the agreed data NB-PUSCH subcarrier allocations as a result.
Hence, we prefer to align the time domain reference of different NB-PDSCHs to reduce the scattering of resource allocation. A set of pre-configured time points with periodicity is configured by RRC signaling as the time domain reference for ACK/NACK feedback. When a NB-PDSCH is scheduled, the associated reference in time domain is the first preconfigured reference point, which is at least 12ms (the minimum delay between NB-PDSCH and UL ACK/NACK according to RAN1#84) later than the end of the NB-PDSCH transmission. The time domain offset indication is relative to this preconfigured time point.

Proposal 5: Time offset is relative to the first configured time domain reference point, which is at least 12ms later than the end of the associated NB-PDSCH transmission. The reference points occur with a period configured by higher layers. 

· The set of periods for the time domain reference are {16, 32, 64, 128} ms .
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Figure 1 Illustration of time domain reference determination
2.2 Design example for resource allocation of ACK/NACK transmission
Figure 2, shows a set of time references with periodicity configured by RRC signaling for ACK/NACK feedback. When a NB-PDSCH is scheduled, the associated reference in time domain is the first preconfigured time point, which is at least 12ms (the minimum delay between NB-PDSCH and UL ACK/NACK according to RAN1#84) later than the end of the NB-PDSCH transmission. A couple of bits indication can be used in DL grant DCI to indicate the offset relative to the time reference.
Regarding the frequency domain, the explicit offset indication over frequency domain resource reference that is derived from implicit rules can be also applied. One example is using the last subframe number of NB-PDSCH to calculate the reference frequency domain. It is important to keep the flexibility on scheduling for narrow band IoT deployment. Hence, a small number of bits to indicate some offsets relative to the frequency reference should be introduced in the DL grant DCI. 
As shown in Figure 2, explicit indication over the time reference and frequency reference can introduce good scheduling flexibility by using few bits of overhead in DCI. In our design, the total 4bits ACK/NACK resource indication is used. The repetition number of ACK/NACK NB-PUSCH resource unit is assumed to be in the range of {1, 2, 4, 8} for 15kHz transmission, and {1, 2} for 3.75kHz uplink transmission.

Proposal 6: The repetition number of ACK/NACK NB-PUSCH resource unit is {1, 2, 4, 8} for 
15 kHz transmission, and {1, 2} for 3.75 kHz uplink transmission.
For 3.75 kHz uplink NB-PUSCH for ACK/NACK transmission, among the total 4 bits ACK/NACK resource indication, one bit is used for time domain indication and other three are used for frequency domain indication. As proposed in the previous section, the same number of ACK/NACK resource indication bits should be able to allocate the same set of resource. Hence, for 15 kHz uplink NB-PUSCH for ACK/NACK transmission, among the total 4 bits ACK/NACK resource indication, three bits are used for time domain indication and the other one bit is used for frequency domain indication.
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Figure 2 An example of UL ACK/NACK resource indication
However, this may still be not able to resolve the scheduling restriction due to the mutual impact between downlink scheduling and uplink scheduling. To decouple the scheduling of uplink and downlink, it is proposed to additionally support the chance for an eNB to send a separate UL grant DCI to schedule uplink NB-PUSCH for ACK/NACK transmission. This is indicated by one of the 16 states of 4 bits in the DL grant DCI. As shown in Figure 3, one state is used to inform the UE to detect the UL grant DCI after the time point which is at least 12ms later than the end of associated NB-PDSCH. The detected UL grant will indicate the resource of associated UL ACK/NACK. This provides very good flexibility on the scheduling of uplink and downlink scheduling. It is important to have this kind of ability in NB-IoT especially due to the HD-FDD nature of the UE.
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Figure 3: Separate UL grant DCI when all of the ACK/NACK resources that can be indicated by DL grant DCI collides with other NB-PUSCHs

 As an example, 4-bits UCI resource indication field in DL grant DCI is shown in Table1 and Table 2 for 3.75 kHz NB-PUSCH based and 15 kHz NB-PUSCH based ACK/NACK transmission respectively. 
Table 1: 4-bit ACK/NACK resource indication field in DL grant DCI for 15 kHz NB-PUSCH based ACK/NACK
	4-bit UCI resource indication field
	Time domain offset relative to the time reference
	Frequency domain offset relative to subcarrier #0

	0000
	0ms
	0*15kHz

	0001
	1*2ms
	

	0010
	2*2ms
	

	0011
	3*2ms
	

	0100
	4*2ms
	

	0101
	5*2ms
	

	0110
	6*2ms
	

	0111
	7*2ms
	

	1000
	0ms
	1*15kHz

	1001
	1*2ms
	

	1010
	2*2ms
	

	1011
	3*2ms
	

	1100
	4*2ms
	

	1101
	5*2ms
	

	1110
	6*2ms
	

	1111
	Monitor a separate UL grant dedicated for ACK/NACK transmission


Table 2: 4-bit ACK/NACK resource indication field in DL grant DCI for 3.75 kHz NB-PUSCH based ACK/NACK.
	4-bit UCI resource indication field
	Time domain offset relative to the time reference
	Frequency domain offset relative to subcarrier # (
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	0000
	0ms
	0 

	0001
	
	1*3.75kHz  

	0010
	
	2*3.75kHz

	0011
	
	3*3.75kHz

	0100
	
	4*3.75kHz

	0101
	
	5*3.75kHz

	0110
	
	6*3.75kHz

	0111
	
	7*3.75kHz 

	1000
	1*8ms
	0

	1001
	
	1*3.75kHz 

	1010
	
	2*3.75kHz 

	1011
	
	3*3.75kHz

	1100
	
	4*3.75kHz

	1101
	
	5*3.75kHz

	1110
	
	6*3.75kHz

	1111
	Monitor a separate UL grant for ACK/NACK resources


Some concerns have been mentioned in RAN1#84 regarding missed detection of DL grant and UL grant. If the DL grant is missed, the UE would not receive NB-PDSCH at all and hence would not try to detect the UL grant for ACK/NACK. The eNB would then detect DTX on the allocated NB-PUSCH for ACK/NACK transmission. This is the same as LTE. 
For the case of a missed UL grant in case one is indicated, the UE will miss the resource that is allocated for ACK/NACK feedback. The eNB can detect the DTX on the allocated resource. In this case, the eNB does not know whether a DL grant or a UL grant for ACK/NACK is missed. However, the eNB can anyway reschedule the NB-PDSCH transmission again. The transmission can be recovered without any additional issues.

Proposal 7: DL grant can instruct the UE to receive a separate UL grant DCI for ACK/NACK transmission.
3 Conclusions 

In this contribution, further consideration on the UCI for NB-IoT is discussed, and the following proposals are given.

Proposal 1: 4 bit length ACK/NACK resource indication field is introduced in DL grant DCI for resource indication of ACK/NACK transmission.

Proposal 2: Explicit indication over a reference resource that is based on implicit calculation/pre-configuration or hardcoded in the specification is used to balance the flexibility and DCI overhead.

Proposal 3: eNB should be able to allocate the same resource area for ACK/NACK transmission for 3.75 kHz and 15 kHz subcarrier spacing by using the same length of ACK/NACK resource indication field.

Proposal 4: The number of bits for frequency domain and time domain ACK/NACK resource allocation should depend on subcarrier spacing.

Proposal 5: Time offset is relative to the first configured time domain reference point, which is at least 12ms later than the end of the associated NB-PDSCH transmission. The reference points occur with a period configured by higher layers.
· The set of periods for the time domain reference are {16, 32, 64, 128} ms.
Proposal 6: The repetition number of ACK/NACK NB-PUSCH resource unit is {1, 2, 4, 8} for
 15 kHz transmission, and {1, 2} for 3.75 kHz uplink transmission.

Proposal 7: DL grant can instruct the UE to receive a separate UL grant DCI for ACK/NACK transmission.
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