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[bookmark: OLE_LINK23]Introduction
In the last RAN1 95 meeting [1], we have the following agreements: 
Agreements in 95
· For multi-TBs scheduling
· UL: I_sc for each TB is same
· Confirm the working assumption that for UE supporting multiple TBs, the soft buffer size stays the same as that of the legacy UE.
· For UL/DL unicast, at least consecutive resource allocation in time is supported when multiple TBs are scheduled by one single DCI. 
· ‘consecutive resource allocation in time’ means no new scheduling gap between the end of previous TB and the start of the next TB 
· FFS: Whether scheduling gaps is also supported
· FFS: How to schedule repetitions within the consecutive resource allcoation
· For unicast, when multiple DL/UL transport blocks are assigned by a single DCI, the relationship(s) between HARQ process and TB is/are selected from the following two candidates(multiple choices are allowed)
· Relationship 1: 1 HARQ process corresponds to 1 TB
· Relationship 2: 1 HARQ process corresponds up to 2 TBs
· Maximum UL HARQ process supported is 2.
· Maximum DL HARQ process supported is 2. 
· The maximum number of TBs for multicast is one of [4, 8]
· FFS: Whether the TBs are back to back without gap

Multi-TBs scheduling with DCI for Multicast  
 Multi-TBs scheduling with DCI
1) Multi-TBs scheduling for multicast
There are mainly two methods for multiple TBs scheduling in multicast, namely new DCI format and skipping DCI method. Figure 1 and Figure 2 show these two methods as follows
[image: 多TB调度]
Figure 1. New DCI format for multicast
[image: 捕获3]
Figure 2. Skipping DCI method for multicast
1) New DCI method: In figure 1, the number of TBs, and other legacy DCI fields are indicated in gray NPDCCH which can be detected by R16 UE. For the legacy UE, the blue NPDCCH can be detected. 
2) Skipping DCI method: In figure 2, all the legacy DCI fields are indicated in the first red NPDCCH for R16 UE except the number of TBs, which is indicated in the SC-MCCH. The legacy UE can detect the red NPDCCH and blue NPDCCH as legacy way.
[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK8]Compare these two methods, the number of TBs during an SC-MCCH scheduling period in method 2) needs to stay unchanged, which limit scheduling flexibility. Furthermore, the limited scheduling flexibility may cause the resource waste. Therefore, New DCI method should be considered to schedule multi-TBs for multicast system. The new DCI can be designed as Table 1.
Table 1 New DCI fields for multicast 
	Field
	Size

	Information for SC-MCCH change notification
	2

	Scheduling delay
	3

	Resource assignment
	3

	MCS(modulation and coding scheme)
	4

	Repetition number
	4

	DCI subframe repetition number
	2

	The number of TBs (new field) 
	3

	Total 
	21



[bookmark: OLE_LINK19]Proposal 1: New DCI format should be considered to indicate the multi-TBs scheduling for multicast.
According to the conclusion in last meeting, the maximum number of TBs is 4 or 8. On one hand, the current SC-MTCH DCI is much smaller than the unicast DCI and the UE buffer size would not be affected by the number of TBs. On the other hand, because the maximum size of each multicast UDP/IP packet can be 1500 bytes, ceil(1500*8/2536)=5 TBs should be supported at least. Therefore, we have 
[bookmark: OLE_LINK3]Proposal 2: The maximum number of TBs is 8, and 3 additional bits are needed in the DCI to indicate the number of TBs.
[bookmark: OLE_LINK10][bookmark: OLE_LINK9]In order to provide the multicast service for legacy UE and avoid resources waste, the NPDSCH should be reused at least. The NPDCCH and scheduling delay for legacy UE is a kind of gap, therefore, the gap should be supported. At the same time, if interleaving was supported, the PDSCH detection for legacy UE can be the problematic. Therefore, interleaving should not be supported for multicast.
[bookmark: OLE_LINK20]Proposal 3: The gap should be supported and interleaving should not be supported for multicast.
Multi-TBs scheduling with DCI for unicast
 Time domain location
For the continuous allocation case supported in last meeting, there is no added gap, which results more compact resource allocation and higher utilization. The drawback of discontinuous allocation is that it would cause resource fragmentation and reduce the data transmission rate, which is shown in Figure 3.
[image: datarate 1]
Figure 3. Continuous and discontinuous allocation
For the continuous allocation case, the data transmission time is T1. After adding the gap, transmission time changes to T2. Data transmission rate is dropped by twenty-five percent. Moreover, the longer transmission time caused by adding the gap, the larger UE power consumption. Also, the more flexible gap means the larger DCI size and higher scheduling complexity for eNB. Therefore we have the following observation.
[bookmark: OLE_LINK21][bookmark: OLE_LINK30]Observation 1: Transmission gap would cause lower date rate and larger DCI size, which leads to higher UE power consumption and eNB scheduling complexity.
Additionally, adding the gap would cause the fragmentation of continuous resources. The resource allocation of Rel-16 UE is unknown to the legacy UE, so the resource for legacy UE only can be scheduled in the gap, which would affect the legacy UE coverage.
[bookmark: OLE_LINK22]Observation 2: Adding transmission gap would increase of resource fragmentation and have negative effects on the legacy UE coverage.
In fact, for the purpose of time diversity, as resources are difficult to be transmitted continuously in time domain because of the invalid subframe. These invalid subframes can used to gain time diversity.
[bookmark: OLE_LINK4]Observation 3: Resources occupied by invalid subframes can be used to gain time diversity.
In order to reduce the UE monitoring time, save UE power consumption, keep the higher resource utilization and lower DCI overhead, we propose that
[bookmark: OLE_LINK24][bookmark: OLE_LINK31]Proposal 4: For unicast multi-TBs scheduling, the gap should not be supported. 

[bookmark: OLE_LINK13] The number of multiple TBs
For multi-TBs scheduling in NB-IoT, the number of TBs for a single HARQ process can be decided by the following two options:
· Option 1:  1 HARQ process corresponds to 1 TB
· Option 2:  1 HARQ process corresponds up to 2 TBs
We give the simulation results as Figure 4 and Figure 5. The statistical method in the simulation can be divided into 2 kinds: 1TB method and multi-TBs method. 1TB method means that the BLER=error number of TBs/total number of TBs. Set the number of multi-TBs is x, and multi-TBs method means that BLER=error number of x-TBs/ (total number of TBs/x), where error number of x-TBs means that if one of the X TBs is wrong, then error number of x-TBs increases. From the simulation results, we obtain the observation.

[image: 1.1]

Figure 4.  1 HARQ process corresponds to 1 or 4 TB
[image: 2.2]
[bookmark: OLE_LINK2]Figure 5.  1 HARQ process corresponds to 1 or 2 TB
 
[bookmark: OLE_LINK5]Observation 4: 
--When multi-TBs method was adopted, performance of transmitting multiple smaller TBs is similar to that of one large TB at BLER=10%.
--For the large TBS case, increasing the RU number and keeping the total resources unchanged improve performance.
For the uplink transmission, the performance differences will decrease because of the RVs. The TBS in simulation results is selected from Table 2.  
Table 2 TBS determination
	

	


	
	0
	1
	2
	3
	4
	5
	6
	7

	0
	16
	32
	56
	88
	120
	152
	208
	256

	1
	24
	56
	88
	144
	176
	208
	256
	344

	2
	32
	72
	144
	176
	208
	256
	328
	424

	3
	40
	104
	176
	208
	256
	328
	440
	568

	4
	56
	120
	208
	256
	328
	408
	552
	680

	5
	72
	144
	224
	328
	424
	504
	680
	872

	6
	88
	176
	256
	392
	504
	600
	808 
	1032 

	7
	104
	224
	328
	472
	584
	680
	968 
	1224 

	8
	120
	256
	392
	536
	680
	808 
	1096 
	1352 

	9
	136
	296
	456
	616
	776 
	936 
	1256 
	1544 

	10
	144
	328
	504
	680
	872 
	1032 
	1384 
	1736 

	11
	176
	376
	584
	776 
	1000 
	1192 
	1608 
	2024 

	12
	208
	440
	680
	904 
	1128 
	1352 
	1800 
	2280 

	13
	224 
	488 
	744 
	1032
	1256 
	1544 
	2024 
	2536 


Compared with option1, we have the following conclusion.
1） More DCI overhead is needed to indicate the additional status of retransmissions and new transmissions due to more TBs.
2） Option 2 needs more feedback resources. Moreover, the NB-IoT UE is half duplex, and more feedback resources would reduce the transmission effectiveness.
3） More TBs means more decoding and encoding operations, which increases the processing complexity and power consumption of UE. Additionally, as 2 TBs corresponding to one HARQ process should share the buffer, which also increase the buffer management complexity.
4） The intention of option 2 is mainly to reduce the code rate, which is equivalent to increasing the RU number and reduce the repetition number.
5） Dividing the larger TB into 2 smaller TBs may cause the resource wasting, because the smaller TBS may not exist in TBS table. e.g., 2536/2=1268. The most closest and appropriate value in TBS table is 1352, so 2*(1352-1268) =168 bits will be wasted.
According to the observation and conclusion, we have the following proposals:
[bookmark: OLE_LINK25]Proposal 5: Each TB corresponds to a unique HARQ process.
[bookmark: OLE_LINK39]Proposal 6: When the repetition number is larger than 1, for the large TBS case, increasing the RU number can be considered.
 Interleaving 
1) Interleaving analysis in NB-IoT
Interleaving and non-interleaving can be shown as follows
[image: 2]
Figure 4. Interleaving and non-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, the simulation result is given as Figure 5, the SNR gains at the 10% BLER point for 2 TBs case is not obvious.
[image: inter and non-inter1.3]
Figure 5.  SNR gain for interleaving and non-interleaving
[bookmark: OLE_LINK26]Observation 5: Interleaving shows no obvious SNR gain for 2 TBs case in NB-IoT
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 6. Therefore, adopting interleaving negates the benefit of individual feedback.
[image: interleaving drawback]
Figure 6. Interleaving and non-interleaving effected by the interference
[bookmark: OLE_LINK27]Observation 6: 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 of interleaving 
[bookmark: OLE_LINK11]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.
[bookmark: OLE_LINK28]Observation 7: Interleaving requires larger processing buffer,higher UE complexity and power consumption. 
[bookmark: OLE_LINK12]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.
[bookmark: OLE_LINK29]Proposal 7: Interleaving should not be supported for unicast.
 Schedule repetitions
There are 3 options mentioned in last meeting to schedule repetitions, and it is shown as follows:
1. scheduling of initial and retransmission TBs within one DCI--Mixed scheduling 
2. scheduling of initial TBs within one DCI, and retransmissions with one DCI--Non-mixed scheduling
3. scheduling of initial TBs within one DCI, and retransmission can only be scheduled by individual DCI--Individual DCI for retransmission.
1) Mixed scheduling
For mixed scheduling, each process can be indicated by 3 states: retransmission, new transmission, and no transmission. Therefore the total states is 3^2-1=8, and 3bits can indicate all the transmission states. It is proposed that joint indication with 3bits should be supported.
2) Non-mixed scheduling
Non-mixed scheduling means the scheduled TBs are either new transmission or retransmission. For the non-mixed scheduling case, NDI field only needs 1 bit to indicate the transmission state, retransmission or new transmission share the NDI field. e.g., the number of HARQ processes is 2, if the bitmap method is used to indicate the process state and 1 bit NDI field is used to indicate the transmission state, 3 bits are in totally needed.
3) Individual retransmission DCI
Individual DCI for retransmission means scheduling of initial TBs within one DCI, and retransmission can only be scheduled by individual DCI. The NDI field, HARQ process field, RV version, MCS, resource assignment, number of PDSCH repetitions can be indicated in the DCI and shared for all the transmitted TBs. The drawback of this method is the limited savings of PDCCH overhead.
Besides saving the DCI size, the NPDCCH overhead should be considered. Compare these 3 methods. Obviously, mixed scheduling method saves the NPDCCH overhead most.
[bookmark: OLE_LINK32]Observation 8: The DCI overhead for mixed scheduling and non-mixed scheduling is the same, while mixed scheduling saves more NPDCCH overhead.
Proposal 8: Mixed scheduling should be supported and 3 bits are used to indicate the HARQ process number and NDI field.
 Common parameters
Some uplink parameters in DCI such as DCI subframe repetition number, Flag for format N0/format N1 differentiation, Subcarrier indication, Scheduling delay can be seen as the common parameters. However, the meaning of common parameters should adapt to multi-TBs scheduling. NDI and HARQ process should indicate the scheduling information of every TB, therefore, they are not common parameters. For the downlink transmission, NPDCCH order indicator and HARQ-ACK resource can be seen as the common parameter, the other parameters are similar with uplink parameters.
MCS: In a RRC message period, the narrowband stays unchanged, and multiple TBs are in the same narrowband. Therefore, MCS can be the same for multiple TBs and it can be seen as the common parameter.
Resource assignment: On one hand, the channel condition is similar and the BLER target is the same. On the other hand, we should promise the same TBS with initial TB to achieve the combination gain. Therefore, the resource assignment can be seen as the common parameter.
Repetition number: The BLER target is under 10% for every NPDCCH scheduling including the retransmission scheduling. Based on the current channel condition and the same resource assignment, the repetition number also can be viewed as the common parameter.
[bookmark: OLE_LINK14]Redundancy version: When mixed scheduling is used, we can assume that the first RV of initial TB is fixed and the RV field is used for retransmission indication, which promises that all the RVs can cycle through the repetitions if repetition number is more than 2 and the best RV can be used  if the repetition number is 1. When non-mixed scheduling is used, the RV field can be seen as the common parameter. 
[bookmark: OLE_LINK35]Proposal 9: The following can be considered
Uplink common parameters: MCS, repetition number, resource assignment, DCI subframe repetition number, Scheduling delay, Subcarrier indication, Flag for differentiation.
[bookmark: OLE_LINK18][bookmark: OLE_LINK16]  -- Joint design across HARQ process number and NDI should be considered
[bookmark: OLE_LINK17]  --When mixed scheduling is used, the first RV of initial TB is fixed and the RV field in DCI is used for retransmission indication. When non-mixed scheduling is used, the RV field can be seen as the common parameter.  
Downlink common parameters: MCS, repetition number, resource assignment, DCI subframe repetition number, Scheduling delay, NPDCCH order indicator, HARQ-ACK resource, Flag for differentiation.
  --Joint design across HARQ process number and NDI should be considered. 
According to the above DCI design, we have the DCI content table as follows
Table 4 uplink DCI format
	Legacy DCI 
	New DCI format

	Format N0
	bits
	bits

	Flag for format  differentiation
	1
	1

	Subcarrier indication
	6
	6

	Scheduling delay 
	2
	2

	Resource assignment 
	3
	3

	Modulation and coding scheme 
	4
	4

	Repetition number
	3
	3

	HARQ process number
	1
	3


	NDI
	1
	

	Redundancy version 
	1
	1

	DCI subframe repetition number 
	2
	2

	Total 
	24bits
	25bits


Table 5 downlink DCI format
	Legacy DCI
	New DCI format

	Format N1
	bits
	bits

	Flag for format differentiation 
	1
	1

	NPDCCH order indicator
	1
	1

	Scheduling delay 
	3
	3

	Resource assignment
	3
	3

	Modulation and coding scheme
	4
	4

	Repetition number
	4
	4

	HARQ process number 
	1
	3

	NDI
	1
	

	HARQ-ACK resource 
	4
	4

	DCI subframe repetition number 
	2
	2

	Total 
	24bits
	25bits




[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 10: Bundling should not be supported for unicast.
2) ACK/NACK resource for individual feedback
Individual feedback for downlink transmission can be divided into 2 types: continuous feedback and separate feedback.
· Continuous feedback means that continuous uplink resource transmission starts at the K-th subframe position after the end of multi-TB scheduling
· Separate feedback means that separate feedback for each TB starts at K-th subframe position after the end of corresponding TB.
For the half-duplex UE in NB-IoT, separate feedback would generate more switching subframes, which cause the resource waste and power consumption increasing. Continuous feedback can help save the switching subframes, which is more appropriate for NB-IoT UE.
[bookmark: OLE_LINK38]Proposal 11: For individual feedback, continuous uplink feedback starts at the K-th subframe position after the end of multi-TB scheduling.
[bookmark: _GoBack]Conclusion
[bookmark: OLE_LINK41]In this contribution, we have discussed the scheduling enhancement for NB-IoT. We make the following observations and proposals:
Observation 1: Transmission gap would cause lower date rate and larger DCI size, which leads to higher UE power consumption and eNB scheduling complexity.
Observation 2: Adding transmission gap would increase of resource fragmentation and have negative effects on the legacy UE coverage.
Observation 3: Resources occupied by invalid subframes can be used to gain time diversity.
Observation 4: 
--When multi-TBs method was adopted, performance of transmitting multiple smaller TBs is similar to that of one large TB at BLER=10%.
--For the large TBS case, increasing the RU number and keeping the total resources unchanged improve performance
Observation 5: Interleaving shows no obvious SNR gain for 2 TBs case in NB-IoT
Observation 6: Interleaving reduces the benefit of individual feedback.
Observation 7: Interleaving requires larger processing buffer,higher UE complexity and power consumption. 
Observation 8: The DCI overhead for mixed scheduling and non-mixed scheduling is the same, while mixed scheduling saves more NPDCCH overhead.
Proposal 1: New DCI format should be considered to indicate the multi-TBs scheduling for multicast.
Proposal 2: The maximum number of TBs is 8, and 3 additional bits are needed in the DCI to indicate the number of TBs.
Proposal 3: The gap should be supported and interleaving should not be supported for multicast.
Proposal 4: For unicast multi-TBs scheduling, the gap should not be supported. 
Proposal 5: Each TB corresponds to a unique HARQ process.
Proposal 6: When the repetition number is larger than 1, for the large TBS case, increasing the RU number can be considered.
Proposal 7: Interleaving should not be supported for unicast.
Proposal 8: Mixed scheduling should be supported and 3 bits are used to indicate the HARQ process number and NDI field.
Proposal 9: The following can be considered
Uplink common parameters: MCS, repetition number, resource assignment, DCI subframe repetition number, Scheduling delay, Subcarrier indication, Flag for differentiation.
  -- Joint design across HARQ process number and NDI should be considered
  --When mixed scheduling is used, the first RV of initial TB is fixed and the RV field in DCI is used for retransmission indication. When non-mixed scheduling is used, the RV field can be seen as the common parameter.  
Downlink common parameters: MCS, repetition number, resource assignment, DCI subframe repetition number, Scheduling delay, NPDCCH order indicator, HARQ-ACK resource, Flag for differentiation.
  --Joint design across HARQ process number and NDI should be considered. 
Proposal 10: Bundling should not be supported for unicast.
Proposal 11: For individual feedback, continuous uplink feedback starts at the K-th subframe position after the end of multi-TB scheduling.
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Annex A
Table 6 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

	TBS(bits)
	2536 and 680    1736 and 872
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