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[bookmark: OLE_LINK23]Introduction
In the last RAN1 #97 meeting [1], we have the following agreements: 
Agreements:
Agreement
Confirm the working assumption last meeting:
3 bits are used to indicate scheduled TB number, HARQ process index, NDI for HARQ operation
· FFS: Details coding scheme of these 3 bits 
Agreement
The coding scheme of the three bits (scheduled TB number, HARQ process index, NDI for HARQ operation) is as follows:
	 Codepoint
	Description

	000
	Single TB scheduling, HARQ ID=0, NDI=0

	001
	Single TB scheduling, HARQ ID=0, NDI=1

	010
	Single TB scheduling, HARQ ID=1, NDI=0

	011
	Single TB scheduling, HARQ ID=1, NDI=1

	100
	Multi-TB scheduling, NDI=00

	101
	Multi-TB scheduling, NDI=01

	110
	Multi-TB scheduling, NDI=10

	111
	Multi-TB scheduling, NDI=11


Table 1: Joint coding scheme of scheduled TB number, HARQ process index, NDI for HARQ operation
· Only one additional bit is added in the DCI format to support the above indication of 8 states
Note: How to capture the above agreement is up to the editor
Agreement


In case of non-interleaved transmission, for individual feedback of 2 TBs case, continuous uplink feedback starts, after the end of  DL subframe for FDD, where n is the ending subframe of last scheduled TB and  is down-selected from the following two choices:
· The same value as the one for legacy one TB case (i.e. reuse the existing specification without change)
· New values are introduced which depends on the length of last TB and ACK/NACK resources
· Existing values can also be used
Agreement
HARQ-ACK resource field is common across the HARQ-ACK feedback for all the DL TBs scheduled.
· ACK/NACK subcarriers are the same across all the TBs
In this document, the remaining issues are discussed.
Multi-TBs scheduling with DCI for Multicast  
There are mainly two methods for multiple TBs scheduling in multicast, namely new DCI format and skipping DCI method. Based on this, three options are down-selected and the decision should be made in this meeting:
Option1: Modify existing DCI to indicate the number of scheduled TBs (e.g. by adding new field)
Option2: Reuse Rel-15 DCI and use SC-MCCH to indicate TB numbers.
Option3: Support both option1 and option2.
Both option1 and option2 support SC-PTM service targeting legacy and/or new UEs. From the perspectives of flexibility and network overhead, we give the following analysis.
Compare with new DCI method, the number of TBs during an SC-MCCH scheduling period in skipping DCI method needs to stay unchanged, which limits the scheduling flexibility, which is shown in the following figure. 
[image: 1]
Figure 1. Flexibility comparison between option1 and option2
From the figure, we can see, on one hand, the burst transmission is not appropriate for the option2 because of the limited flexibility. On the other hand, in the SC-MCCH period, the resource location is predefined, which would be affected by the occupied resources. Besides, the limited scheduling flexibility may cause the long transmission, which cause the power consumption and lower data rate. 
As for the point that option1 increases the network overhead, we should notice that additional one DCI is acceptable and it reduces the power consumption for R16 UE. Additionally, considering that multicast services with R14 and R15 feature have not been deployed yet, option1 has little impact on the network. Therefore, new DCI method is preferred to schedule multi-TBs for multicast system especially for R16 UE.
From the above analysis about the comparison between option1 and option2, we can draw the following observation:
Observation 1:
-Both option1 and option2 support SC-PTM service targeting legacy and/or new UEs
-Option2 shows less scheduling flexibility, which may cause the higher power consumption and lower data rate. 
-Option1 has little impact on the network overhead.  
Some contributions suggest that both option1 and option2 can be supported. However, the functions of the two methods are somewhat duplicated. Therefore, the introduction of two options, which may cause the greater complexity, is unnecessary. Moreover, in order to provide the multicast service for legacy UE and avoid resources waste, RAN2 intends to support separate/shared SC-MTCH segments and option 1 is more suitable for case of separate SC-MTCH segments. Furthermore, new DCI method has been agreed in last meeting for MTC. As reference, we have the following proposal:
Proposal 1: Modifying existing DCI can be considered for the multi-TBs scheduling for multicast.
On one hand, in order to provide the multicast service for legacy UE and avoid resources waste, the SC-MTCH segments should be reused at least. If the gap is defined as time domain length between two adjacent TBs, the MPDCCH and scheduling delay of the legacy UE can be considered as a special gap for R16 UE, which is shown in Figure 2. 
[image: 4mtc]
Figure 2. Method 1: the gap for both new UEs and legacy UEs
On the other hand, as mentioned in tdoc [2], the continuous transmission of maximum 8TBs would cause the receiver’s problem. However, in order to save the transmission time, we can use the continuous transmission of 2TBs and the gap is between the continuous 2 TBs and next continuous 2TBs or 1 TB.
[image: gap2]
Figure 3. Method 2:gap for processing time at receiver
Therefore, based on the considering about back compatibility and processing time at receiver, gap should be supported. Method 2 is more beneficial for new UE scheduling. 
Proposal 2: Gap can be considered for multicast.
The gap design mainly includes the gap length and location. Obviously, both method 1 and method 2 should be provided, which means that 12ms at least and another value for compatibility should be promised. The detailed value can be FFS. As for the configuration method, DCI indication is dynamic and it costs the DCI overhead. It is noticed that multi-TBs scheduling is supported for SC-MTCH, therefore, the gap configuration can be indicated in SC-MCCH.
The maximum number of TBs is 8 for multicast, additional 3 bits in DCI to indicate the scheduling information of 8 TBs is necessary.
Proposal 3: Introduce additional 3 bits in DCI to indicate the scheduling information of 8 TBs.
Multi-TBs scheduling with DCI for unicast
[bookmark: OLE_LINK13] The number of multiple TBs
According to the simulation results, we found that for the large TBS case, increasing the mapping RU number and keeping the total resources unchanged improve performance, which is shown in Figure 4.
[image: test1.2]

Figure 4. Increasing the mapping RU number 
[bookmark: OLE_LINK5]Observation 2: 
For the large TBS case, increasing the mapping RU number and keeping the total resources unchanged improve performance more than 2 dB
And we have the proposal:
Proposal 4: When the repetition number is larger than 1, for the large TBS case, increasing the mapping RU number can be considered. 
 Interleaving 
Interleaving could bring time diversity gain by smooth out the channel’s effect on each TB. However, if the repetition number is large enough so that every TB can experience full channel changes, or if the repetition number is so small   that interleaving would have little effects on SNR gain. This is because time diversity gain is either already captured during repetition, or there is no way to capture time diversity gain. In addition, gap was not supported according to previous meeting, therefore, the SNR gain may be limited for 2TBs case in NB-IoT. The simulation result is shown as follows and the corresponding simulation assumptions are listed in the Annex
[image: test1.1]
Figure 5. Interleaving simulation result with repetition number 32
Observation 3: The SNR gains at the 10% BLER point for 2 TBs interleaving case is less than 1 dB.
Note the individual feedback for downlink TB has been supported in previous RAN1 meeting, which indicates all the TBs’ transmission state specifically. Individual feedback is mainly to reflect the different status of each TB transmitted, so the unsuccessful TB can be retransmitted. The feedback information for the uplink scheduling is indicated by the UL Grant, and the transmission status for each TB will also be indicated specifically. The benefit of individual feedback is it can reflect transmission state of each TB scheduled. However, interleaving requires that each TB is evenly distributed in the time domain, which smooth out the transmission situation among multiple TBs. The probability of success or failure of all TB transmissions could be higher, which is shown in Figure 4. Therefore, adopting interleaving negates the benefit of individual feedback.
[image: interleaving drawback]
Figure 6. Interleaving and non-interleaving effected by the interference
Observation 4: Interleaving reduces the benefit of individual feedback.
Interleaving needs higher requirements for data processing capability. The more TBs supported, the higher the UE cross-processing capability and higher the processing cache required. Take the example of uplink transmission, yellow stands for RV0 and blue stands for RV2.

[image: 捕获4]
Figure 7. Processing buffer and complexity for interleaving 
The data processing procedure of interleaving at transmitter can be described as follows: Binary information is stored in the HARQ buffer. Then TB1 is encoded with RV0. If TB2 needs to be encoded with RV0, the processing buffer for TB1 should be released first. The same thing happens with next TB. If TB1 needs to be encoded with RV2, the buffer for TB2 with RV0 should be released first. In this situation, interleaving requires every dispersive TB be encoded and decoded, which would bring the processing complexity and power consumption. For the non-interleaving case, TB1 can be encoded with RV0 RV2 RV0 RV2 continuously without releasing the buffer.
Observation 5: Interleaving requires larger processing buffer, higher UE complexity and higher power consumption. 
Downlink transmission has the similar problem. After decoding the TB data, UE read the corresponding data in HARQ buffer and combine them for every TB. After this, the combined data can be stored in HARQ buffer at receiver or feedback ACK. For the non-interleaving case, TB1 is transmitted continuously and the operation of reading the HARQ buffer is only once. Therefore, interleaving also need more operations.
Proposal 5: Interleaving should not be supported for unicast.
[bookmark: OLE_LINK15][bookmark: OLE_LINK1] Feedback
1) Feedback mechanism for NB-IoT
[bookmark: OLE_LINK37]Bundling multiple HARQ processes with 1 bit feedback helps save the uplink resources. However, a TB decoding failure may cause all TBs to be retransmitted, which cause the serious resource waste and less available resources. From the perspective of effectiveness, bundling should not be supported.
[bookmark: OLE_LINK36]Proposal 6: Bundling should not be supported for non-interleaving transmission in unicast.
2) ACK/NACK resource for individual feedback


[bookmark: OLE_LINK38][bookmark: _GoBack]The timing of the ACK/NACKs for the scheduled TBs is with respect to the last TB scheduled by the DCI. For the single TB case, it is the same as legacy method. The UE shall upon detection of a NPDSCH transmission ending in NB-IoT subframe n intended for the UE and for which an ACK/NACK shall be provided, start, after the end of DL subframe for FDD, where .


Table 1 ACK/NACK subcarrier and  for NPUSCH with subcarrier spacing .
	ACK/NACK resource field
	ACK/NACK subcarrier 
	


	0
	0
	13

	1
	1
	13

	2
	2
	13

	3
	3
	13

	4
	0
	15

	5
	1
	15

	6
	2
	15

	7
	3
	15

	8
	0
	17

	9
	1
	17

	10
	2
	17

	11
	3
	17

	12
	0
	18

	13
	1
	18

	14
	2
	18

	15
	3
	18


As for the 2TB cases, detailed value can be described as 2 cases, shown in the following figure:
[image: 9]
Figure 8. Timing delay methods


For case1, the indication of X in DCI should be based on the time domain length of TB2, otherwise, it costs the DCI overhead. For example, if the length of TB2 is 2 ms, the X should be no less than 10ms and if it is 8 ms, X should be no less than 4 ms. The predefined set of numbers of repetition for ACK/NACK resource unit is {1, 2, 4, 8, 16, 32, 64, 128}. Based on the principle that the ACK/NACK delay of each TB should be no less than 12ms, the X can be 0 ms when the length of TB2 is larger than 12ms. Therefore, X=0 can be supported to save time, however, considering the switching subframes for uplink, X=4ms should be used. Additionally, the same with legacy method, 2 options for  can be reused, for example,= 13 and 17. Therefore, we give the possible table  


Table 2  ACK/NACK subcarrier and updated  for NPUSCH with subcarrier spacing
	ACK/NACK resource field
	ACK/NACK subcarrier 
	


	0
	0
	5

	1
	1
	5

	2
	2
	5

	3
	3
	5

	4
	0
	9

	5
	1
	9

	6
	2
	9

	7
	3
	9

	8
	0
	13

	9
	1
	13

	10
	2
	13

	11
	3
	13

	12
	0
	17

	13
	1
	17

	14
	2
	17

	15
	3
	17




Therefore, compared with the timing relationship in case 2, updated method for  can be more appropriate to reduce timing delay and improve the data rate.


Proposal 7: For individual feedback of 2 TB case, continuous uplink feedback starts, after the end of  DL subframe for FDD , where  is updated as following table.
	ACK/NACK resource field
	ACK/NACK subcarrier 
	


	0
	0
	5

	1
	1
	5

	2
	2
	5

	3
	3
	5

	4
	0
	9

	5
	1
	9

	6
	2
	9

	7
	3
	9

	8
	0
	13

	9
	1
	13

	10
	2
	13

	11
	3
	13

	12
	0
	17

	13
	1
	17

	14
	2
	17

	15
	3
	17



 R14/R15 features
Features in R14 and R15 can be considered to support multi-TBs scheduling. Feature of 2 HARQ processes is certainly supported. As for the feature of larger maximum TBS in R14, it helps improving the transmission rate. The fields related to TBS determination including MCS and RU number are agreed to be the common parameter. Therefore, it can be considered to support the multi-TBs scheduling.
Proposal 8: The feature of larger maximum TBS in R14 can be considered to support multi-TBs scheduling.
Conclusion
[bookmark: OLE_LINK41]In this contribution, we have discussed the scheduling enhancement for NB-IoT. We make the following observations and proposals:
Observations:
Observation 1:
-Both option1 and option2 support SC-PTM service targeting legacy and/or new UEs
-Option2 shows less scheduling flexibility, which may cause the higher power consumption and lower data rate. 
-Option1 has little impact on the network overhead.  
Observation 2: 
For the large TBS case, increasing the mapping RU number and keeping the total resources unchanged improve performance more than 2 dB
Observation 3: The SNR gains at the 10% BLER point for 2 TBs interleaving case is less than 1 dB.
Observation 4: Interleaving reduces the benefit of individual feedback.
Observation 5: Interleaving requires larger processing buffer, higher UE complexity and higher power consumption. 

Proposals:
Proposal 1: Modifying existing DCI can be considered for the multi-TBs scheduling for multicast.
Proposal 2: Gap can be considered for multicast.
Proposal 3: Introduce additional 3 bits in DCI to indicate the scheduling information of 8 TBs.
Proposal 4: When the repetition number is larger than 1, for the large TBS case, increasing the mapping RU number can be considered. 
Proposal 5: Interleaving should not be supported for unicast.
Proposal 6: Bundling should not be supported for non-interleaving transmission in unicast.


Proposal 7: For individual feedback of 2 TB case, continuous uplink feedback starts, after the end of  DL subframe for FDD , where  is updated as following table.
	ACK/NACK resource field
	ACK/NACK subcarrier 
	


	0
	0
	5

	1
	1
	5

	2
	2
	5

	3
	3
	5

	4
	0
	9

	5
	1
	9

	6
	2
	9

	7
	3
	9

	8
	0
	13

	9
	1
	13

	10
	2
	13

	11
	3
	13

	12
	0
	17

	13
	1
	17

	14
	2
	17

	15
	3
	17


Proposal 8: The feature of larger maximum TBS in R14 can be considered to support multi-TBs scheduling.
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Annex
Table 2 Simulation assumption
	Parameter
	Value

	System bandwidth
	180 kHz

	Carrier frequency
	900 MHz

	Operation mode
	Stand alone

	Antenna configuration
	2T1R

	Channel model
	TU 1Hz

	Channel estimation
	Realistic cross-subframe channel estimation

	Number of subframes (Nsf)
	2

	TBS(bits)
	1032

	Repetition number
	32
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