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1	Introduction
RAN4#94-e-bis agreed with the way forward on UE/BS demodulation performance for additional enhancements for NB-IOT, where the remaining open issue is whether to introduce NPDSCH/NPUSCH demodulation requirements with multi-TB transmission. 
	UE
· FFS define performance requirements for NPDSCH with 2 HARQ processes (i.e., for Cat-NB2) and interleaved multi-TB scheduling
· Interested companies are encouraged to provide simulation results as per the simulation assumptions in slide#3, considering the test time and achievable SNR test point. 
· If performance improvements are observed as per the evaluations between the interleaved and continuous transmission, corresponding NPDSCH performance requirements definition can be considered
· FFS the detailed parameters and test applicability if RAN4 will define the test case.
BS
· FFS define performance requirements for NPUSCH format 1 with 2 HARQ processes and interleaved multi-TB scheduling
· Interested companies are encouraged to provide simulation results as per the simulation assumptions in slide#4 , considering the test time and achievable SNR test point.



2	Discussion
2.1	Performance evaluation of NPDSCH with multi-TB transmission
2.2	Simulation parameters
Table 1 shows the NPDSCH simulation parameter used for our evaluation; Test 1 parameter is based on TS36.101 PDSCH demodulation requirements for NB2. The difference from the TS36.101 the repetition level which does not use repetition because Cat-NB2 with larger TBS was assumed to set for good SNR condition. Since the interleaved transmission for multi-TB scheduling is applicable with repetition level 4 or more, we set repetition level 8 considering the achievable SNR level. Test 2 is same as WF [1].  
[bookmark: _Ref39520472]Table 1	NPDSCH simulation parameters.
	Parameters
	Test 1 (based on TS36.101 Table 8.12.1.1.3-2 Test 1)
	[bookmark: _Hlk39520905]Test 2 ([1])

	Operation mode
	Stand alone
	Stand alone

	Carrier type
	Non-anchor
	Non-anchor

	Propagation condition
	EPA5
	ETU1

	Antenna configuration
	1x1
	1x1

	Transmission mode
	Interleaved, Non-interleaved
	Interleaved, Non-interleaved

	N_SF
	6
	10

	TBS (bits)
	936
	1032

	MCS
	 QPSK 1/2
	 QPSK 1/3

	Repetition level
	8
	32

	Number of HARQ processes
	2
	2

	Maximum number of HARQ
transmission
	4
	4

	Subframe length per TB
	48 (8 x 6)
	320 (32 x 10)

	UE Category
	NB2
	NB2



2.2	Simulation results
Figure 1 compares the non-interleaved transmission and non-interleaved transmission for Test 1 and Test 2. It is observed from the simulation results that the performance gain is less than 0.5dB for both Test 1 and Test 2, with regards to the 70% of maximum throughput.
[image: ][image: ]
	(a) Test 1
	(b) Test 2


[bookmark: _Ref39567132]Figure 1	Comparison between non-interleaved and interleaved transmission.
Observation: The performance gain of interleaved transmission over non-interleaved transmission is less than 0.5dB.

2.3	Discussion
[bookmark: _GoBack]Our simulation result shows some performance gain with the interleaved transmission over the non-interleaved transmission, but it is not significant. Since we assume the performance gain comes from the time-domain diversity with the interleaved transmission, we could observe more performance gain by setting longer repetition level such as 32 or more. However, it results in longer test time. Since NB-IoT multi-TB transmission supports up to 2 simultaneous transmission, the number of subframes to get one HARQ-ACK is effectively almost double compared with the legacy non multi-TB transmission. For example, Test 2 requires 320 subframes per TB. If we configure multi-TB transmission, the effective subframe length becomes 640 subframes to get one HARQ-ACK. Considering the test time, we don’t think it is feasible to consider setting even longer repetition level than 32. 
In our understanding, when RAN1 introduced the multi-TB transmission scheme, they consider the impact to the demodulation algorithm as minimum as possible. This could be the reason why WID does not specify RAN4 is not affected due to the feature. 
Considering the minor receiver impact and limited performance gain, we don’t see any reason to define new NPDSCH demodulation requirements with multi-TB transmission. We think this conclusion is also applicable for NPUSCH because the procedure (e.g., interleaving) is basically common between NPDSCH and NPUSCH format 1. 
Proposal 1: RAN4 does not define new NPDSCH demodulation requirements with multi-TB scheduling.
Proposal 2: RAN4 does not define new NPUSCH format 1 demodulation requirements with multi-TB scheduling.
3	Summary
Observation: The performance gain of interleaved transmission over non-interleaved transmission is less than 0.5dB.
Proposal 1: RAN4 does not define new NPDSCH demodulation requirements with multi-TB scheduling.
Proposal 2: RAN4 does not define new NPUSCH format 1 demodulation requirements with multi-TB scheduling.
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