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Background
In the last meeting, as per [1], following agreements on Rel-17 eMTC demodulation requirements definition were reached:

	Whether to define performance requirements to verify UE supporting 14 HARQ processes
Specify the PDSCH demodulation requirements for support of 14 HARQ processes, but more analysis is needed to decide to introduce new dedicated PDSCH demodulation requirements or reuse the existing requirements for support of 10 HARQ processes.
Whether to define performance requirements to verify UE supporting 1736 bits TBS and corresponding soft buffer
Not define performance requirements to verify UE support of 1736 bits TBS and corresponding soft buffer
Issue 3-2-1: Test setup for performance requirements of supporting 14 HARQ processes (If agreed)
· Option 1: Use following test setups
· For scheduling pattern, scheduling period is 17ms. 
· In every period, 0th to 11th subframes are used for MPDCCH/PDSCH transmission, subframes from 13th to 15th are used for PUCCH transmission and 12th and 16th subframes are used for gaps.
· For scheduling delay, 2 is defined for MPDCCH transmitted in subframes from 0th to 9th and 7 is defined for MPDCCH transmitted in subframe 10th and 11th 
· As for HARQ delay, ACK/NACKs related to PDSCHs in subframe from 0th to 3th are transmitted in 13th subframe, ACK/NACKs related to PDSCHs in subframe from 4th to 7th are transmitted in 14th subframe and ACK/NACKs related to PDSCHs in subframe from 8h to 11th are transmitted in 15th subframe.
· TM2
· HD-FDD
· Bandwidth: 10MHz
· MCS: 16QAM 1/2
· TBS: 744
· CE mode A
· No repetition for MPDCCH and PDSCH
· Propagation condition: EPA5
· MIMO configuration: 2x1 Low
· HARQ transmissions: 4
· HARQ bundling: enabled

· Option 2: Other options not precluded



We agreed to introduce the UE requirements with 14 HARQ processes, but reusing the existing requirements with 10 HARQ processes or defining the new requirements was not decided. In this contribution, we will provide our analysis on this issue and the initial simulation assumptions. 
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The intention of introducing 14 HARQ processes reception is to utilize the blank subframe and increase the peak date rate. Figure 2-1 shows the scheduling pattern.


Figure 2-1: New scheduling pattern for UE supporting 14 HARQ processes
Figure 2-2 shows the scheduling pattern of old test in 36.101: (Taking R.79 FDD as an example)
[image: ]
Figure 2-2: Old scheduling pattern for UE supporting 10 HARQ processes
We compared the new scheduling pattern with that of eMTC test in previous release in TS 36.101 in Table 2-1. In the comparison, for the simplicity, no invalid subframe configured is assumed:
Table 2-1: Comparison for new pattern and old pattern
	
	New pattern
	Old pattern in the test of 36.101

	Transmission pattern 
	Sequential 12-HARQ processes
	Sequential 1 or 2 HARQ processes

	PDSCH delay
	2 or 7
	2

	HARQ delay
	13,12,11,10,9,8,7,6,5,4
	4

	HARQ bundling 
	Enabled 
	Disabled


Based on our understanding, time gap between HARQ transmissions and HARQ bundling has big impact on performance. EPA5 is used for simulation, so the coherence time is very long which means the larger gap may bring higher performance gain for HARQ combining. But we think the main influence on performance is HARQ bundling which is introduced in Rel-14 as an optional feature but was not been considered in the previous test. HARQ bundling will bring higher resource utilization but poorer performance since all bundled TBs will be retransmitted if any one TB is failed to decode which will reduce the throughput greatly.
Observation 1: HARQ bundling is the major factor affecting performance which was not considered in previous test but has been introduced for UE supporting 14 HARQ processes. 
We also did a simulation to verify the performance difference by using two scheduling patterns. The parameters of test 2 in Table 8.11.1.1.3.1-1 in TS 36.101 were used and two cases were simulated:
· Case A: 10 HARQ processes by using old scheduling pattern and HARQ bundled is disabled. (Figure 2-2)
· Case B: 14 HARQ processes by using new scheduling pattern and HARQ bundled is enabled. (Figure 2-1)
The simulation results are captured in Figure 2-3 and Table 2-2. 
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Figure 2-3: Simulation results for 10 HARQ processes with old scheduling pattern vs 14 HARQ processes with new scheduling pattern 
Table 2-2: Summary of simulation results for 10 HARQ processes with old scheduling pattern vs 14 HARQ processes with new scheduling pattern 
	Case
	SNR @ 70% of max TP (dB)

	Case A
	7.9

	Case B
	7.7



We can observe that there is non-negligible performance difference for two different scheduling patterns. Therefore, we can’t reuse the requirements for 10 HARQ processes if 14 HARQ processes specified scheduling pattern is used.
Observation 2: The performance difference between two different scheduling patterns are non-negligible.
Proposal 1: Don’t reuse the requirements of 10 HARQ processes for 14 HARQ processes requirements definition if 14 HARQ processes specified scheduling pattern is used.
However, we also find that the old pattern can also be supported by using some states of new pattern. The new pattern’s scheduling delay and HARQ delay are indicated by DCI, the corresponding bit fields are captured as follows:
	Table 5.3.3.1.12-1: Content of "PDSCH scheduling delay and HARQ-ACK delay for 14 HARQ" for ce-HARQ-AckDelay = Alt-2e
	Bit field mapped to index
	PDSCH scheduling delay option
(Table 5.3.3.1.12-3)
	HARQ-ACK delay
(subframes)

	0
	0
	4

	1
	0
	5

	2
	0
	6

	…
	…
	…


Table 5.3.3.1.12-3: PDSCH scheduling delay options
	Option
	Description

	0
	2 BL/CE DL subframes

	1
	1 BL/CE DL subframe + 1 subframe + 3 BL/CE UL subframes + 1 subframe + 1 BL/CE DL subframe

	2
	1 subframe + 3 BL/CE UL subframes + 1 subframe + 2 BL/CE DL subframes






That means in the 14-HARQ processes test, the scheduling pattern will be the same as 10 HARQ processes test if Bit field mapped to index “0” is configured in every DCI and HARQ bundling is disabled. And it is feasible to reuse the requirements of 10HARQ processes if we use the same scheduling pattern. However, it will violate the RAN 1’s purpose of introducing this feature that increasing the peak rate. Meanwhile, if we use the new scheduling pattern specifying for 14 HARQ processes, to reduce the complexity and test number, our preference is to reuse the test setup of test 2 in Table 8.11.1.1.3.1-1 and define the new requirements. The proposed test setup is captured as follows:
· TM2
· HD-FDD
· Bandwidth: 10MHz
· MCS: 16QAM 1/2
· TBS: 744
· CE mode A
· No repetition for MPDCCH and PDSCH
· Propagation condition: EPA5
· MIMO configuration: 2x1 Low
· HARQ transmissions: 4
· HARQ bundling: enabled

Proposal 2: Consider one of following two methodologies for 14 HARQ processes requirements definition:
· Option 1: Reuse the scheduling pattern and requirements of 10 HARQ processes of CE mode A by using following configuration:
· Set RRC signaling ce-HARQ-AckDelay  to Alt-2e and Bit field mapped to index to 0 in every scheduling DCI in Table 5.3.3.1.12-1
· Option 2: 	Define new requirements for 14 HARQ processes reception with new scheduling pattern specified by RAN 1 by using test setup of test 2 in Table 8.11.1.1.3.1-1 in TS 36.101, i.e, using following simulation assumptions:
· TM2
· HD-FDD
· Bandwidth: 10MHz
· MCS: 16QAM 1/2
· TBS: 744
· CE mode A
· No repetition for MPDCCH and PDSCH
· Propagation condition: EPA5
· MIMO configuration: 2x1 Low
· HARQ transmissions: 4
· HARQ bundling: enabled
Conclusion
In this contribution, we provide our analysis on how to define the requirements with eMTC UE supporting 14 HARQ processes. The observations and proposals are:
Observation 1: The HARQ bundling is major factor affecting performance which was not considered in previous test but has been introduced for UE supporting 14 HARQ processes. 
Observation 2: The performance difference between two different scheduling patterns are non-negligible.
Proposal 1: Don’t reuse the requirements of 10 HARQ processes for 14 HARQ processes requirements definition if 14 HARQ processes specified scheduling pattern is used.
Proposal 2: Consider one of following two methodologies for 14 HARQ processes requirements definition:
· Option 1: Reuse the scheduling pattern and requirements of 10 HARQ processes of CE mode A by using following configuration:
· Set RRC signaling ce-HARQ-AckDelay  to Alt-2e and Bit field mapped to index to 0 in every scheduling DCI in Table 5.3.3.1.12-1
· Option 2: 	Define new requirements for 14 HARQ processes reception with new scheduling pattern specified by RAN 1 by using test setup of test 2 in Table 8.11.1.1.3.1-1 in TS 36.101, i.e, using following simulation assumptions:
· TM2
· HD-FDD
· Bandwidth: 10MHz
· MCS: 16QAM 1/2
· TBS: 744
· CE mode A
· No repetition for MPDCCH and PDSCH
· Propagation condition: EPA5
· MIMO configuration: 2x1 Low
· HARQ transmissions: 4
· HARQ bundling: enabled
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