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1 Introduction

At the RAN1 #86bis meeting, the following agreements were made regarding the support of larger TBS values [1]: 
· 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

Further, the details of the TBS/N_SF and TBS/N_RU tables were agreed via email discussion [2]:
Table 1: TBS vs. N_SF for NPDSCH

	ITBS
	ISF

	
	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
	

	10
	144
	328
	504
	680
	872
	1032 
	1352
	

	11
	176
	376
	584
	776
	1000
	1192 
	 
	 

	12
	208
	440
	680
	904
	1128
	1352
	 
	 


Table 2: TBS vs. N_RU for NPUSCH

	ITBS
	IRU

	
	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
	1000

	7
	104
	224
	328
	472
	584
	712
	1000
	1224

	8
	120
	256
	392
	536
	680
	808
	1096
	1384

	9
	136
	296
	456
	616
	776
	936
	1256
	1544

	10
	144
	328
	504
	680
	872
	1000
	1384
	1800

	11
	176
	376
	584
	776
	1000
	1192
	1608
	 

	12
	208
	440
	680
	1000
	1128
	1352
	1800
	 


On the support of 2 HARQ processes for DL and UL, RAN1 discussed two approaches ([3] and [4]) regarding the timing relationships to support up to 2 DL/UL HARQ processes without reaching an agreement.
In this contribution, we share our views on the above approaches for support of up to two DL/UL HARQ processes and the general goal of improving the peak data rates for eNB-IoT.

2 Two HARQ processes for DL and UL for higher data rates
In Rel-13, the timing relationships between the physical channels were defined to minimize the UE complexity by following the principle of having the UE perform “one task at a time”. This led to very low peak data rates of ~27.2 kbps for DL and 62.5 kbps for UL for Rel-13 NB-IoT. In Rel-14, the main motivation of supporting up to 2 DL/UL HARQ processes has been to better utilize the time gaps between physical channels to increase the achievable data rates in good coverage.  
Next, considering the case of DL HARQ processes, we present brief summaries of the two approaches discussed so far. 

Approach 1 [3]: The main principle is to maintain same minimum decoding time budgets for NPDCCH and NPDSCH considering the combination of two HARQ processes. Thus, certain timing restrictions are imposed such that: (i) the start of the 1st NPDSCH is at least 4ms after the end of the 2nd NPDCCH carrying the DL assignment for the 2nd NPDSCH; (ii) a minimum time gap of 8ms is maintained between the end of the 1st NPDSCH and the start of the 2nd NPDSCH; (iii) a minimum time gap of 12ms is maintained between the end of the 2nd NPDSCH and the 1st A/N feedback on NPUSCH format 2. This approach is illustrated in Fig. 1 below. 
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Fig. 1: Timing relationships according to Approach 1 [R1-1608648]

These restrictions ensure that decoding time budgets similar to Rel-13 are still maintained at the cost of very limited gains in terms of achievable peak data rates. Specifically, we have the following:

Table 3: Peak DL data rate for Approach 1
	Rel-13 NB-IoT with max DL TBS = 680 bits
	Rel-14 eNB-IoT with 1 DL HARQ process and new max DL TBS = 1352 bits
	Approach 1 with 2 DL HARQ processes and new max DL TBS = 1352 bits

	27.2 kbps
	54.08 kbps
	~65 kbps (20% gain over Rel-14 with 1 HARQ process)


Approach 2 [4]: According to this approach, the relative timing relationships between the physical channels for each HARQ process is maintained as in Rel-13, but now, the 2 HARQ processes are realized in an interleaved manner. This approach benefits from a more optimized utilization of the time gaps existing in Rel-13, leading to an improved peak data rate at the cost of some parallel processing between the channel estimation/demodulation and the decoding stages for NPDCCH and NPDSCH. Approach 2 can be described as in the example in Fig. 2 below.
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Fig. 2: Example timing relationships according to Approach 2 [R1-1610020]

Compared to the timing relationship shown in Fig. 2, the earliest NPDCCH monitoring instance after transmission of the 2nd A/N feedback can actually be only 1 subframe after the end of the 2nd NPUSCH format 2 transmission, thereby allowing an even higher peak data rate. The achievable peak data rate with Approach 2 in comparison to Rel-13 and Rel-14 values based on current agreements is summarized in Table 4.
Table 4: Peak DL data rate for Approach 2
	Rel-13 NB-IoT with max DL TBS = 680 bits
	Rel-14 eNB-IoT with 1 DL HARQ process and new max DL TBS = 1352 bits
	Approach 2 with 2 DL HARQ processes and new max DL TBS = 1352 bits

	27.2 kbps
	54.08 kbps
	~84.5 kbps (56.25% gain over Rel-14 with 1 HARQ process)



As can be seen from the above comparison, with the support of some amount of parallel processing at the UE, the increase in the peak throughput gain with Approach 2 is close to three times that of Approach 1. The price to pay with Approach 2 is the potential parallel processing of the last one or more NPDCCH candidates in the search space and the 1st NPDSCH TB, and parallel processing of the 1st and 2nd NPDSCH TBs, depending on the exact scheduling delays and TBS/N_SF choices.
Note that in terms of soft buffer requirements, both approaches are equivalent. 

Observation 1:
· Approach 1 provides about 20% gain in peak data rate compared to 1 HARQ process with 1352 bits max DL TBS.
· Approach 2 provides about 56.25% gain in peak data rate compared to 1 HARQ process with 1352 bits max DL TBS.
· Approach 1 and Approach 2 have the same soft buffer requirements.

· Approach 1 maintains similar decoding time budget as in Rel-13 – thus, can avoid any need for parallel processing.
· Approach 2 provides significant gains in terms of peak data rates at the price of increased need for some parallel processing at the UE receiver involving channel estimation/demodulation and decoding steps.
Recently, another approach (Approach 3) was suggested that can achieve the similar peak data rates as Approach 2 but with a much simpler approach. 

Approach 3: According to this approach, only a single HARQ process is used and the achievable peak data rate is increased by supporting a max DL TBS that is twice of the new max DL TBS using about twice the number of N_SF as for the case of 1352 bits according to Table 1 (i.e., N_SF = 6).
In terms of soft buffer size requirements, Approach 3 is equivalent to Approaches 1 or 2. On the other hand, in terms of timing relationships, the exact same behavior as in Rel-13 can be maintained. The only change involves further extension of the TBS/N_SF and TBS/N_RU tables. For instance, maintaining the same code rate (and I_TBS values), by defining N_SF = 12 (I_SF = 11)  and a max DL TBS of 2728 bits, the achievable peak data rate can be similar to that of Approach 2. This is summarized in Table 5 below.
Table 5: Peak DL data rate for Approach 3
	Rel-13 NB-IoT with max DL TBS = 680 bits
	Rel-14 eNB-IoT with 1 DL HARQ process and new max DL TBS = 1352 bits
	Approach 3 with 1 DL HARQ process and new max DL TBS = 2728 bits (N_SF = 12)

	27.2 kbps
	54.08 kbps
	~88 kbps (62.7% gain over Rel-14 with 1 HARQ process and max TBS = 1352 bits)


Since the main objective is to improve the peak data rates or achievable data rates in good coverage, the approaches based on 2 HARQ processes need to consider a “back-to-back” scheduling of the two PDSCH/PUSCH TBs. However, as explained above, similar (in fact, better) performance can be achieved by simply scaling the max TBS and resource allocation sizes. At the same time, we can avoid potential new UE behavior in terms of parallel processing (Approach 2) or new timing relationships (Approach 1). It should be noted that the overall receiver complexity for Approach 3 would be similar to that of Approach 2 (in terms of total TB size to decode within a total time budget) but with much limited impact on specification or implementation efforts. Additionally, Approach 3 avoids the need for two A/N feedback instances using NPUSCH format 2, thereby reducing UE power consumption via reduction in UL transmission time. 

Further, in terms of impact to DCI design, only a single additional bit in the resource allocation field is needed to indicate larger values of N_SF. This is similar to the minimum impact from Approaches 1 or 2, wherein at least a single additional bit is needed in the DCI to indicate the HARQ process number.

Observation 2:
· Approach 3 provides about 62.7% gain in peak data rate compared to 1 HARQ process with 1352 bits max DL TBS.
· Approach 1, Approach 2, and Approach 3 have the same soft buffer requirements.

· Approach 3 has overall similar receiver complexity as Approach 2 in terms of total TB size to decode within a total time budget.
· The impact to DCI design for Approach 3 is no more than that for Approaches 1 and 2.

· Unlike Approaches 1 and 2, with Approach 3 there is no need for A/N feedback corresponding to multiple NPDSCH TBs.

Note that similar analysis can be applied for the UL as well.

Based on the discussion above, we make the following proposal.
Proposal 1:
· RAN1 to consider specifying a max DL/UL TBS value that is double of the currently agreed value of 1352 bits and 1800 bits and increasing the N_SF and N_RU values accordingly to realize higher achievable data rates in good coverage.
· With the above approach, there is no need to specify 2 HARQ processes for DL and UL, thereby reducing specification and implementation efforts as well as UE power consumption compared to approaches based on support of 2 HARQ processes.

· If support of 2 HARQ processes must be considered due to the current objective in the WID, Approach 2 is preferred due to significant gains over Approach 1 in terms of the primary objective of improving achievable data rates in good coverage.
3 Conclusion

In this contribution, we presented our views on the different approaches for improving the peak data rates for eNB-IoT. Based on the discussion presented, we summarize our views as follows:

Observation 1:
· Approach 1 provides about 20% gain in peak data rate compared to 1 HARQ process with 1352 bits max DL TBS.
· Approach 2 provides about 56.25% gain in peak data rate compared to 1 HARQ process with 1352 bits max DL TBS.
· Approach 1 and Approach 2 have the same soft buffer requirements.

· Approach 1 maintains similar decoding time budget as in Rel-13 – thus, can avoid any need for parallel processing.

· Approach 2 provides significant gains in terms of peak data rates at the price of increased need for some parallel processing at the UE receiver involving channel estimation/demodulation and decoding steps.

Observation 2:
· Approach 3 provides about 62.7% gain in peak data rate compared to 1 HARQ process with 1352 bits max DL TBS.
· Approach 1, Approach 2, and Approach 3 have the same soft buffer requirements.

· Approach 3 has overall similar receiver complexity as Approach 2 in terms of total TB size to decode within a total time budget.

· The impact to DCI design for Approach 3 is no more than that for Approaches 1 and 2.

· Unlike Approaches 1 and 2, with Approach 3 there is no need for A/N feedback corresponding to multiple NPDSCH TBs.

Proposal 1:
· RAN1 to consider specifying a max DL/UL TBS value that is double of the currently agreed value of 1352 bits and 1800 bits and increasing the N_SF and N_RU values accordingly to realize higher achievable data rates in good coverage.
· With the above approach, there is no need to specify 2 HARQ processes for DL and UL, thereby reducing specification and implementation efforts as well as UE power consumption compared to approaches based on support of 2 HARQ processes.

· If support of 2 HARQ processes must be considered due to the current objective in the WID, Approach 2 is preferred due to significant gains over Approach 1 in terms of the primary objective of improving achievable data rates in good coverage.
References
[1] Chairman’s notes, RAN1 #86bis, Lisbon, Portugal, Oct. 2016.
[2] R1-1611073, “New Transport Block Size (TBS) tables for Rel-14 NB-IoT,” Ericsson.

[3] R1-1610994, “WF on timing relationships of 2 HARQ processes for NB-IoT enhancement,” Huawei, et al., RAN1 #86bis, Lisbon, Portugal, Oct. 2016.

[4] R1-1611019, “WF on timing relationship for 2 HARQ processes for Rel-14 NB-IoT,” MediaTek, et al., RAN1 #86bis, Lisbon, Portugal, Oct. 2016.

PAGE  
5/5

