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Introduction
[bookmark: OLE_LINK272][bookmark: OLE_LINK273]In RAN 1#84 meeting, the following agreements had been made: 
Agreements:
· DL and UL scheduling delays are indicated in DCI
· [bookmark: _GoBack]number of delay values that can be signalled for the UL scheduling delay is less than the number of values for the DL 
· FFS the number of values and the sets of values
……
· The UL grant for both Msg3 and PUSCH indicates the subcarrier(s) to be used 
· Subcarrier spacing is indicated:
· For Msg3:
· in RAR 
· Subsequent NB-PUSCH transmissions:
· Follow RAR always
 In this paper, the resource allocation for both frequency domain and time domain of NB-PUSCH is discussed.
Resource allocation of NB-PUSCH
It was agreed that subcarrier spacing was indicated in RAR and the number of subcarriers for NB-PUSCH is indicated in UL grant. Therefore, the following information is needed for NB-PUSCH resource allocation: 
· Frequency domain resource allocation: 
· For 15kHz: 
· Number of tones: {1, 3, 6, 12}
· Tone location
· For 3.75kHz: 
· Tone location
· Time domain resource allocation:
· Starting subframe of NB-PUSCH
· Resource assignment for one TB
· Number of repetition
Frequency domain resource allocation
For 15kHz, in order to reduce DCI payload, candidates tone location for different number of tones can be restricted.  For example, as discussed in [1], 12 tones are divided into 2 or 4 blocks for 6 or 3 tones evenly.  Therefore, the numbers of possible frequency locations are:
· 12 for single tone
· 4 for 3 tones
· 2 for 6 tones
· 1 for 12 tones
In total, there are 19 possible frequency locations, which require 5 bits with 13 reserved indexes.  RRC signaling can further help to reduce DCI overhead. For example, 9 out of 12 possible frequency locations can be configured via RRC signaling to reduce 1 bit DCI payload. Table 1 gives an example of frequency domain resource allocation, where k is configured by RRC. 
For 3.75kHz, there are 48 possible locations. Similarly, RRC signaling can help to configure to UE 32 out of 48 possible frequency locations so that only 5 bits are needed in DCI to indicate frequency domain resource allocation. 
Proposal #1: Use a 4-bit DCI field or 5-bit DCI field for frequency domain resource allocation to indicate subcarrier index and number of subcarrier(s) for 15kHz and 3.75kHz subcarrier spacing respectively.

Table 1 Example of frequency domain resource allocation for 15kHz subcarrier spacing
	Index
	Subcarrier index
	Subcarrier number

	0
	k
	1

	1
	k +1
	1

	2
	k +2
	1

	3
	k +3
	1

	4
	k +4
	1

	5
	k +5
	1

	6
	k +6
	1

	7
	k +7
	1

	8
	k +8
	1

	9
	0, 1, 2
	3

	10
	3, 4, 5
	3

	11
	6, 7, 8
	3

	12
	9, 10, 11
	3

	13
	0, 1, 2, 3, 4, 5
	6

	14
	6, 7, 8, 9, 10, 11
	6

	15
	0, 1, 2, …, 11
	12



Time domain resource assignment and maximum transmission time
One TB is allowed to be scheduled over more than one resource unit in time. In [2], a TBS table is designed for NB-PUSCH with up to 8 resource units, where MCS0 can support up to 208 bits as a transport block.  If a larger TBS is needed, higher code rate with repetition or retransmission can be used instead. Especially with the help of RV, similar performance can be provided. 
On the other hand, because NB-IoT is HD-FDD UE, UE cannot track frequency during uplink transmission. Therefore, a long uplink transmission may need to be avoided. Moreover, it is useful if RAN 1 can specify the max transmission time for uplink. For example, if the frequency drifting is too large, UE may need NB-PSS/NB-SSS for frequency estimation. 
[bookmark: OLE_LINK9]Proposal #2: Specify the max transmission time for uplink. FFS on the value. 
There are several methods to avoid longer transmission time. One method is eNB guarantees one uplink grant will not exceed the max transmission time.  HARQ retransmission can be used to achieve the required BLER target. This method has less specification impact and simple UE implementation. But since in extreme coverage, it may waste some downlink resource to transmit an “NACK to trigger a retransmission if there is no further optimization.  
Another method is to allow UE to go back to downlink for frequency tracking.  For example, define a measurement gap for frequency tracking and postpone uplink transmission. However, since UE already switch back to downlink, it may be more helpful to introduce “early termination” for uplink transmission by detecting for an “ACK” from eNB.  eNB can indicate the total repetition numbers for NB-PUSCH, and after each repetition,  UE switches to downlink for frequency tracking and monitoring for an “ACK”. If UE receives an “ACK”, UE stops uplink transmission; otherwise, UE switches back to uplink and continues another repetition until achieve the total repetition numbers indicated by eNB. Different from the first method, this method doesn’t need to transmit an “NACK” to trigger an retransmission but allows early termination of uplink transmission for power saving. 
However, considering the limited time in Rel-13, it is preferred that eNB guarantees one uplink transmission is within the max uplink transmission time.   If eNB scheduled an uplink transmission longer than the max transmission time, UE can skip the transmission.  
Proposal #3: In Rel-13, eNB guarantees uplink transmission is within the max uplink transmission time. 
Starting subframe of NB-PUSCH
It is agreed in RAN 1 #84 that “number of delay values that can be signaled for the UL scheduling delay is less than the number of values for the DL”. In [4], starting subframe of NB-PDSCH is discussed, where 4 bits are proposed to indicate 16 values for the gap between starting subframe of search space and starting subframe of NB-PDSCH with a granularity of Rmax/8. However, different from downlink, NB-PUSCH and NB-PDCCH do not share physical resource. It is not suitable to indicate a gap between starting subframe of search space and the starting subframe of NB-PUSCH with less number of delay values than downlink. For example, 3 bits can provide 8 values so that range of NB-PUSCH starting subframe candidates are from Rmax/8 to Rmax, which is none overlapped with the next NB-PDCCH search space. Instead, it is more suitable to use 3 bits to indicate the gap between end subframe of search space and starting subframe of NB-PUSCH. Each value indicates a gap of


When Rmax <=8, the gap values are {0, …, 7}+8 ms. with 1ms step. 
When Rmax >8, the gap values are {0~ 7Rmax/8} +8ms with Rmax/8ms step. 
This method will not impact on the minimal scheduling delay by using the last NB-PDCCH candidate to schedule an uplink grant.   Some examples are illustrated in Figure 1 for NB-PUSCH scheduling. 
Proposal #4: Introduce a 3-bit DCI field to indicate the gap between end subframe of search space and starting subframe of NB-PUSCH.


Figure 1 Examples of NB-PUSCH scheduling delay
Repetition of NB-PUSCH
Similar as downlink, in order to provide up to 164dB MCL coverage, repetition of NB-PUSCH is needed. Targeting to the same DCI size in different coverage, 2 bits field in DCI can be used to provide 4 repetition numbers. Similar as eMTC, the repetition number can be configured by RRC signaling.
In addition, in order to achieve better performance, RV can be supported for NB-PUSCH. Based on the simulation results, 1 bit redundancy version seems sufficient with 0.2dB loss compared with 4 redundancy version. In addition, different RV can be used during repetition as eMTC for NB-PUSCH. 
Proposal #5: Introduce a 2-bit DCI field for repetition numbers for NB-PUSCH, which are configured by RRC signaling.
Proposal #6: Support RV during repetition for NB-PUSCH. Introduce 1-bit DCI field for redundancy version. 
[bookmark: OLE_LINK1]Different from downlink, NB-PUSCH may support RV and has different length of resource unit for different subcarrier spacing. It is more complicated to support subframe or symbol level repetition. Especially for 3.75kHz subcarrier spacing, new definition of subframe may be needed. In addition, if early termination is introduced, it is more beneficial to allow early termination instead of support subframe level repetition, which may delay the first “early termination point”.  Moreover, eNB is more capable for frequency tracking even without subframe or symbol level repetition. On the other hand, even with finer frequency tracking at eNB side, eNB cannot adjust oscillator according to each UE. There is less help but more complexity with subframe level repetition for uplink than for downlink.
Proposal #7: Subframe level or symbol level repetition is not supported for NB-PUSCH.
[bookmark: OLE_LINK52][bookmark: OLE_LINK53]Conclusion
In this contribution, we discussed resource allocation of NB-PUSCH. Based on the discussions, some proposals are made:
Proposal #1: Use a 4-bit DCI field or 5-bit DCI field for frequency domain resource allocation to indicate subcarrier index and number of subcarrier(s) for 15kHz and 3.75kHz subcarrier spacing respectively.
Proposal #2: Specify the max transmission time for uplink. FFS on the value. 
Proposal #3: In Rel-13, eNB guarantees uplink transmission is within the max uplink transmission time. 
Proposal #4: Introduce a 3-bit DCI field to indicate the gap between end subframe of search space and starting subframe of NB-PUSCH.
Proposal #5: Introduce a 2-bit DCI field for repetition numbers for NB-PUSCH, which are configured by RRC signaling.
Proposal #6: Support RV during repetition for NB-PUSCH. Introduce 1-bit DCI field for redundancy version. 
Proposal #7: Subframe level or symbol level repetition is not supported for NB-PUSCH.
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