Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG4 Meeting #81
R4-1609685
Reno, Nevada, USA, 14 – 18 November, 2016
Agenda Item:
6.1.2.3
Source:
Ericsson

Title:
Open issues for PDSCH demodulation requirements
Document for:
Discussion
1
Introduction
RAN4#80bis agreed with the WF on eMTC UE demodulation and CQI [1]. In this contribution, we discuss the remaining issues to complete the performance part.  
2
Discussion

2.1
Scheduling patter for CE mode A without repetition
There are two options discussed for DL scheduling pattern for PDSCH CE Mode A test without repetition. 
· Option 1: 10ms periodicity, 5ms for DL, 1ms gap, 3ms for UL, 1ms for gap
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Figure 1
Illustration of the DL scheduling option 1.

· Option 2: 8ms periodicity, 1ms for MPDCCH, 1ms for gap, 1ms for PDSCH, 1ms gap, 3ms for UL, 1ms for gap
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Figure 2
Illustration of the DL scheduling option 2.
Figure 3 illustrates the option 2 (Figure 2). In this option, MPDCCH is scheduled in SF#0 and PDSCH is scheduled in SF#2. HARQ-ACK with PUCCH is scheduled in SF#6. Because of the half-duplex FDD, UE need to switch between downlink mode and the uplink mode. In the option 2, it is assumed in SF#3 and SF#7. This behavior is aligned with TS36.213.
When we consider the next PDSCH scheduling, MPDCCH is transmitted at least 4 subframes after eNB received the last subframes of PDSCH if we consider the HARQ round trip time (RTT). In case of no PUCCH repetition, MPDCCH would be scheduled in SF#0 in the next radio frame at earliest. This means the HARQ RTT for eMTC is 10ms. This is one of the reason RAN1 has agreed to increase the number of the maximum HARQ processes from 8 to 10 in Rel-14 FeMTC WI. 
Observation HARQ RTT is 10ms for Cat-M1 UE
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Figure 3
Illustration of option 2.
From the efficient resource usage point of view, we think Figure 3 is pessimistic because one TBS transmits every 10ms, and it requires longer UE test time. Since the subframes #4 and #5 are not used for both uplink scheduling and downlink scheduling, it does not change any scheduling if we delay the switching time 2ms as shown in Figure 4. Then it is possible to transmit two more HARQ processes as shown in Figure 5, and it is same as option 1 (Figure 1). In this figure, the second HARQ process starts at SF#1 with MPDCCH transmission. The corresponding PDSCH and PUCCH is scheduled in SF#3 and SF#7, respectively. Similarly, the third HARQ process starts at SF#2 with MPDCCH transmission. The corresponding PDSCH and PUCCH is scheduled in SF#4 and SF#8, respectively. 
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Figure 4
Delay the switching time 2ms of option 2 pattern. 
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Figure 5
Scheduling pattern with 3 HARQ processes. 

In principle, Option 2 is equivalent with Option 1, but Option 2 is more efficient from the resource usage point of view, and it reduces the UE test time. Therefore, we propose to use the DL scheduling pattern as shown in Figure 1. 
Proposal 1: Use 10ms periodicity for scheduling, 5ms for DL transmission, 1ms switching gap, 3ms for UL transmission, 1ms for switching gap for PDSCH TM6/TM2 CE Mode A test and CQI definition test. 
We should also consider the SIB1-BR transmission. Unlike Rel-8 LTE, eNB transmits the dedicated SIB1-BR for eMTC UEs, and it is scheduled in subframes #4 in the case of FDD with 4 SIB1-BR repetitions [2]. Since the narrowbands used for SIB1-BR transmission depends on the Cell ID and system bandwidth, it is better to avoid to use SF#4 for MPDCCH/PDSCH transmission. We propose to schedule the PDSCH transmission in SF#0, SF#1 and SF#2 as shown in Figure 6.
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Figure 6
Scheduling pattern with 10ms periodicity assuming avoiding SIB1-BR transmission subframe.
Proposal 2: Schedule the PDSCH transmission in SF#0, SF#1 and SF#2 for eMTC PDSCH test with TM6/TM2 without repetition in order to avoid colliding with SIB1-BR.
2.2
Scheduling pattern for PDSCH TM9 and TM2 with repetition

RAN4#81 agreed with the MPDDCH setting during the PDSCH test as follows:
Agreements on MPDCCH settings:

· Set enough repetition number for MPDCCH to ensure [99.9]% of decoding with [3]dB power boosting of MPDCCH transmission
· Rep=[8] for TM9
· Rep=[32] for TM2
Figure 7 compares MPDCCH performance and PDSCH performance for FDD using the parameter setting in [3]

 REF _Ref465769456 \r \h 
[4]. Note MPDCCH transmission assumes 3dB power boosting.
From the simulation results, it is observed that MPDCCH CE Mode A with 8 repetitions with 3dB power boosting is sufficient to secure 99% decoding success rate at the SNR test point the corresponding PDSCH TM9 with TBS=504bits and 8 repetitions achieves 70% of maximum throughput. If we consider 99.9% of MPDCCH decoding success rate, however, 8 repetitions are not enough but we should set 16 repetitions.
For CE Mode B case, 32 repetitions of MDCCH with 3dB power boosting is not sufficient to secure 99.9% decoding success rate or even 99% at the SNR test point the corresponding PDSCH TM2 with TBS=152bits and 64 repetitions achieves 70% of maximum throughput. From our simulation results, we should set 64 repetitions of MPDCCH to achieve 99.9%/99% of decoding success rate at the SNR test point where PDSCH performance achieves 70% of the maximum throughput.
Figure 8 shows the simulation results for TDD case. Here we set UL/DL configuration 1 for both PDSCH and MPDCCH simulation and also special subframe as non-BL/CE DL subframe. From the comparison it is observed that 8 repetitions are needed to secure 99% of MPDCCH decoding success rate in PDSCH TM9 CE Mode A test case, and 16 repetitions are needed to secure 99.9% of MPDCCH decoding success rate. For PDSCH TM2 CE Mode B, it is observed that 64 repetitions are needed to secure both 99% and 99.9% of MPDCCH decoding success rate. 
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Figure 7
Comparison of MPDCCH simulation results and PDSCH simulation results (FDD). 
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Figure 8
Comparison of MPDCCH simulation results and PDSCH simulation results (TDD).

Table 1 summarizes the MPDCCH repetition number required for the corresponding PDSCH test case. With smaller repetition number, we can reduce the total test time, but it might degrade the PDSCH performance. On the other hand, larger repetition number does not affect to the PDSCH performance but it takes longer UE test time. 

Table 1
Proposed MPDCCH repetition setting used in the PDSCH test.
	
	Target MPDCCH decoding success rate

	PDSCH test case
	99%
	99.9%

	PDSCH TM9 CE Mode A, Rep8, FDD
	Rep8
	Rep16

	PDSCH TM9 CE Mode B, Rep64, FDD
	Rep64
	Rep64

	PDSCH TM2 CE Mode A, Rep8, TDD
	Rep8
	Rep16

	PDSCH TM2 CE Mode B, Rep64, TDD
	Rep64
	Rep64


Our proposal is to assume 99% of success rate for MPDCCH. If we consider 99% of MPDCCH success rate, the achieved throughput becomes 69.3% (0.7*0.99) of maximum throughput. In the case for CE Mode B FDD, our simulation shows we need 0.06dB additionally to achieve 70% of maximum throughput assuming 99% of MPDCCH success rate. Considering the impairment margin added by companies and additional common margin (0.5dB for QPSK/16QAM), we think the impact is very small. We therefore propose to set the MPDCCH repetition number based on 99% of decoding success rate. 

Proposal 3: Set the MPDCCH repetition number for PDSCH test as follows:

· PDSCH TM9 CE Mode A, Rep8, FDD: 8

· PDSCH TM9 CE Mode B, Rep64, FDD: 64

· PDSCH TM2 CE Mode A, Rep8, TDD: 8

· PDSCH TM2 CE Mode B, Rep64, TDD: 64

3
Conclusion
Proposal 1: Use 10ms periodicity for scheduling, 5ms for DL transmission, 1ms switching gap, 3ms for UL transmission, 1ms for switching gap for PDSCH TM6/TM2 CE Mode A test and CQI definition test.
Proposal 2: Schedule the PDSCH transmission in SF#0, SF#1 and SF#2 for eMTC PDSCH test with TM6/TM2 without repetition in order to avoid colliding with SIB1-BR. 
Proposal 3: Set the MPDCCH repetition number for PDSCH test as follows:

· PDSCH TM9 CE Mode A, Rep8, FDD: 8

· PDSCH TM9 CE Mode B, Rep64, FDD: 64

· PDSCH TM2 CE Mode A, Rep8, TDD: 8

· PDSCH TM2 CE Mode B, Rep64, TDD: 64
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