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1 Introduction
In RAN #73, updated WID for Rel-14 NB-IoT was agreed, where 2 HARQ processes and larger maximum TBS are supported. In RAN 1 #86bis, the max TBS for UL and DL were agreed. The final TBS tables were agreed by email with reuse TBS table as Rel-13 with more entries. 
Agreement:

· Maximum DL TBS is 1352 bits

· Maximum UL TBS is 1800 bits

· The same values of N_SF and N_RU and I_TBS are used as in Rel-13

In RAN 1 # 86bis, there were some discussions on timing relationship for 2 HARQ processes, mainly focus on two way forwards [1][2].  In this paper, the timing relationship for NPDSCH is discussed to support 2 HARQ processes. 
2 Timing relationship for NPDSCH with 2 HARQ processes
Based on the discussion in RAN 1 #86bis, companies shared a common view to keep Rel-13 timing relationship without eNB complexity impact. Two schemes were proposed in RAN 1 #86bis:

· Scheme A[1][3]: Keep Rel-13 timing relationship per HARQ process without additional constrain.
· Scheme B[2][4]: New timing relationship is introduced with the following gaps:

· >4m gap between the end of 2nd NPDCCH to the start of 1st NPDSCH

· >8ms gap between two NPDSCHs
· >12ms gap between the end of NPDSCH transmission and the start of the following ACK/NACK transmission 
Figure 1 and 2 show the timeline to achieve peak data rate with 2 HARQ processes on non-anchor PRB for guard band/standalone mode for two proposed schemes.  84.5kbps can be provided by Scheme A while 56.3kbps can be provided by Scheme B. For both cases, Rmax = 4 and G =2 are assumed, which provide the highest density of NPDCCH transmission. 
For Scheme A shown as Figure 1, the scheduling delay is 4ms + 0 valid subframe for 1st NPDSCH and 4ms + 4 valid subframes for 2nd NPDSCH.  ACK/NACK feedback is 12 ms after the corresponding NPDSCH as Rel-13. 1ms gap is introduced after for UL/DL switching, and UE monitors for NPDCCH 1ms after 2nd ACK/NACK transmission. For eNB, 3ms processing time can be guaranteed for ACK/NACK reception and preparing for retransmission of each HARQ process. That is, the DCI right after 32ms can be used for the retransmission of 1st HARQ. In this scheme, UE needs to monitor NPDCCH till 2ms before NPDSCH reception. No UE complexity increase is expected, and details can be found in Section 3. From eNB point of view, there is barely difference between schedule two UEs with 1 HARQ process and schedule 2 HARQ processes for one UE. 
For Scheme B shown as Figure 2, 8ms gap is introduced between 1st NPDSCH and 2nd NPDSCH. Due to the scheduling delay restriction (i.e., 4ms + {0, 4, 8, 12, …} valid DL subframes), the next available value can be used is 4ms + 12 =16ms. With 4ms gap between 2nd NPDCCH to the 1st NPDSCH, the peak date rate can be provided by Scheme B is 56.3kbp. It barely increased peak data rate compared with 1 HARQ processes (1352bit/32ms = 42.25kbps). In addition, the ACK/NACK timings are broken with 12ms gap between the 2nd NPDSCH and 1st ACK/NACK. New HARQ timing needs to be introduced with a gap reference to a different HARQ process. However, it doesn’t make sense to define a HARQ timing not per HARQ process, and it is hard to find a new scheduling delay value set for NPUSCH format 2 considering so many combinations.
For both Scheme A and Scheme B, UE needs to monitor for more NPDCCH, such as between 1st NPDCCH and 1st NPDSCH reception. 
Observation #1: The peak data rate for Scheme A is 84.5kbps with Rel-13 scheduling delay for both NPDSCH and NPUSCH format 2.

Observation #2: The peak data rate for Scheme B is 56.3kbps with Rel-13 scheduling delay for NPDSCH but new scheduling delay for NPUSCH format 2. 
Observation #3:  Rel-13 scheduler can easily be reused for Scheme A. However, for Scheme B, additional constrains as well as new HARQ timing relationship will increase eNB complexity. 
Observation #4: For Scheme B, larger specification impact is needed, i.e., new HARQ timing relationship as well as a new scheduling delay value set for NPUSCH format 2. 
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Figure 1 Peak data rate on non-anchor PRB for guard band/standalone mode (Scheme A)
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Figure 2 Peak data rate on non-anchor PRB for guard band/standalone mode (Scheme B)

3 Analysis on UE complexity

As discussed in [5][6], the UE complexity increase is limited, i.e. ~2.5% with max DL TBS 1128bits compared with Rel-13 NB-IoT. In addition, the complexity increase mainly comes from UE buffer size. For both Scheme A and Scheme B, the HARQ buffer size is the same. Although scheme B introduce additional gaps between two NPDSCHs, the LLR buffer needs to be stored for HARQ retransmission for each HARQ process.
Figure 3 illustrates an example of UE processing for Scheme A assuming parallel processing of channel estimation and Viterbi decoding. Viterbi decoding throughput is (1352 bits +24 bits)*2/ 16ms = 172 bits per ms assuming 2 subframes for ACK/NACK preparing. For Scheme B, 8ms gap is introduced between two NPDSCHs, aiming to finish decoding of the 1st within 8ms. Under this assumption, the Viterbi throughput is (1352 bits +24 bits)/8ms = 172 bits, with is the same as Scheme A. 
On the other hand, in Rel-13 scheduling delay for NPDSCH is defined as the gap between NPDSCH and the corresponding NPDCCH. This means UE is assumed to be able to decode right after received each NPDCCH candidate. Then at least, UE is capable of doing Viterbi decoding, channel estimation when receiving next coming NPDCCH candidate. For example, as shown in Figure 4, when Rmax =8, a NPDSCH may be scheduled within current search space.  In addition, UE needs to be able to decode about 2 BDs per subframe, otherwise there will have more leftover BD after each subframe. Assuming UE is able to decode 2 BDs per subframe, there are 4 BDs leftover after the last subframe, which can be finished within 2 ms.  Therefore, there is no UE complexity impact to support 2ms gap between NPDCCH for 2nd NPDSCH and 1st NPDSCH.
In Rel-13, 3ms gap is introduced in Rel-13 after ACK/NACK transmission for NPDCCH monitoring, because UE doesn’t expect to have any NPDCCH within 3ms after a NPUSCH transmission. However, with 2 HARQ processes, after the 1st ACK/NACK transmission, eNB have sufficient time to decode it and prepare for transmission for 1st HARQ. Therefore, UE needs to monitor NPDCCH after switching to DL. Based on the LS from RAN 4 [7] on UL/DL switching time for low complexity HD-FDD MTC UE, 1ms gap is sufficient for UL/DL switching assuming single oscillator. 
In additional, the MIPS can be easily increased by higher clock rate without BOM impact. Therefore, compared with Rel-13 NB-IoT, Viterbi throughput will not increase UE BOM cost. 
Observation #5: The Viterbi throughput is 172 bits per ms for both Scheme A and Scheme B. No BOM impact is expected due to MIPS for Viterbi decoding. 
Observation #6: Viterbi decoding, channel estimation and DL reception in the same subframe have already been supported by Rel-13 NB-IoT. 
Observation #7: There is no UE complexity impact to monitor NPDCCH till 2ms before NPDSCH reception. 
Observation #8: There is no UE complexity impact to monitor NPDCCH 1ms after NPUSCH transmission. 
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Figure 3 Example of UE processing time for scheme A
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Figure 4 Example NPDCCH blind decoding with Rmax = 8 for Rel-13 NB-IoT
4 Conclusion
Table 1 compared two schemes on the impact on UE complexity, eNB and specification impact. There is no different between the two schemes on UE complexity, and eNB complexity (processing time). However, Scheme B have additional scheduling restriction and quite larger specification impact, which will finally translate to additional effort for either UE or eNB. Table 2 summarized the DL peak data rate for Scheme A and Scheme B, which shows 20% -50% different between two schemes. Considering the impact on UE/eNB complexity and peak data rate different, Scheme A shall be supported. 
Table 1 Comparisons between Scheme A and Scheme B 
	 
	UE complexity
	eNB complexity
	Specification impact

	
	UE buffer size
	Viterbi decoding throughput
	Processing complexity
	Scheduling complexity
	

	Scheme A
	Same
	172 bits per ms
	No increase 
	Similar as schedule two UEs with 1 HARQ
	Enable 2 HARQ processes 

	Scheme B
	Same
	172 bits per ms
	No increase 
	1) Addition constrain due to the gaps.
2) New timing HARQ relationship.
	1) Enable 2 HARQ processes

2) New HARQ timing relationship 
(at least new scheduling delay value sets or new reference)


Table 2 DL peak data rate for Scheme A and Scheme B
	
	Guard band/Stand alone
	In band

	
	Anchor PRB
	Non-Anchor PRB
	Anchor PRB
	Non-Anchor PRB

	Rel-14 NB-IoT Scheme A
	67.6kbps
	84.5kbps
	59.6kbps
	67.6kbps

	Rel-14 NB-IoT

Scheme B
	56.3kbps
	56.3kbps
	48.3kbps
	56.3kbps


Based on the analysis and observations, we propose:
Proposal #1: Keep Rel-13 NB-IoT timing relationship for 2 HARQ processes without additional constraint:
· The start of UL A/N transmission is >=12ms later than the end of the corresponding NPDSCH transmission 

· The start of NPDSCH transmission is >=4ms later than the end of its associated DL assignment
Proposal #2: For Rel-14 NB-IoT UE, UE needs to monitor NPDCCH 1ms after NPUSCH format 2 transmission.
Proposal #3: For Rel-14 NB-IoT UE, UE needs to continuous monitor NPDCCH after detects a NPDCCH till 2ms before the scheduled NPDSCH.
Proposal #4: Reuse Rel-13 scheduling delay of NPDSCH:

· 3 bits indicate number of valid DL subframes. The gap between end of NPDCCH and the start of the associated NPDSCH equals kdelay valid DL subframes + 4ms

· Two fixed sets for different Rmax for the respective search space, above and below a threshold.

· If Rmax <128

· {0,4,8,12,16,32,64,128}

· If Rmax>=128,

· {0,16,32,64,128, 256,512,1024}
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