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1
Introduction
RAN4#79 discussed the applicability of demodulation requirements for UE supporting coverage enhancement and agreed with the way forward [1] as follows:
· Define Rel-13 CE UE demodulation and CQI requirements applicability for other UE types with single receive antenna:
· Existing Rel-13 CE UE demodulation requirements are applicable for “UE Category 1 + 1RX” 
· FFS for “UE DL Category 0”

· Define additional CE UE demodulation performance and CQI requirements for the UEs with larger number of receive chains (incl. 2 and 4 RX).
· Methodology to define the requirements for 2RX and 4RX UEs is FFS
· Option 1: Simplified antennas connection method (Ref: R4-1700875)
· Reuse the existing test setups and parameters 
· The existing CE tests are performed by duplicating the fading channel from each Tx antenna and adding independent noise for each Rx antenna.
· The new CE performance requirements are introduced.
· FFS to reuse the same requirements or add some margins or similar
· Option 2: Full antenna connection method
· New CE tests with full channel models are defined under assumption that channel fading is independently generated for each RX antenna.
· Other options are not precluded
· Companies are encouraged to bring analysis on how to introduce the requirements in the RAN4 #82bis
· Example: applicable release, applicable test parameters, antenna connection methodology  

In this contribution we discuss the second point: how to introduce the demodulation requirements for coverage enhancement UE with 2 or more receive antennas. 
2
Discussion
As we discussed in RAN4#78 [2], the current demodulation requirements for UE supporting coverage enhancement is derived from the single Rx UE such as Cat-M1. However, the coverage enhancement capability is not limited to UE Cat-M1, but also applicable for higher category UEs such as Cat-1 and these UEs with 2 or 4 receive antennas. 
Option 1 in the way forward is the simplified connections rule as we proposed in [2]. In this option, RAN4 will add the applicability rule in section 8.1.2 in TS36.101. Considering the RAN4 work load, it might be good approach since Rel-13 eMTC performance part has already completed.
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Figure 1
Simplified antenna connection example for a UE supporting coverage enhancement tests with antenna configuration 2x2 [2]. 
Option 2 is to introduce new demodulation requirements for coverage enhancement UE with 2 or more receive antennas. From the network point of view, one of the benefits to introduce new coverage enhancement requirements for 2Rx/4Rx is to avoid the waste of radio resources due to repetition. With the coverage enhancement capability, UE can receive data in very low SNR environment with the repeated transmission. On the other hand, repeated transmission consumes the radio resources. From the network point of view, it is beneficial if the repetition number is reduced by using 2Rx/4Rx UEs. However, as we discussed option 1, the concern is the work load in RAN4.
Considering the benefits and RAN4 work load, our proposal is to introduce new MPDCCH/PDSCH demodulation requirements assuming 2Rx UE by reusing all the parameters except for the repetition number. For repetition number, we propose to set one to two levels lower compared with the Cat-M1, then it is expected the required SNR levels for 2Rx are close to the existing requirements based on 1Rx UE.  
Regarding the coverage enhancement UE with 4Rx, we don’t think RAN4 need to introduce new coverage enhancement UE demodulation requirements, because, in our understanding, the use case of 4Rx UE is mobile broadband, and we don’t believe 4Rx UE is used under coverage enhancement condition. We propose to apply the simplified connection for 4Rx UE if necessary. Figure 2 illustrates our proposal of coverage enhancement UE demodulation requirements. 
Proposal 1: RAN4 introduce new MPDCCH/PDSCH demodulation requirements for coverage enhancement UEs with 2Rx by reusing all the parameters except for the repetition number. For repetition number, one to two lower repetition levels should be set. 
Proposal 2: 4Rx UE supporting coverage enhancement satisfy the same requirements for coverage enhancement UEs with 2Rx, where the simplified antenna connection is applied. 
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Figure 2
Proposed applicability rule of demodulation requirements for coverage enhancement UEs.
3
Simulation results
Based on the discussion above, we compared with simulation results between 1Rx and 2Rx for MPDCCH and PDSCH demodulation performance. 
3.1
MPDCCH

Figure 3 compares MPDCCH demodulation performance between 1Rx and 2Rx, where we use the same parameters as specified in Rel-13 eMTC MPDCCH demodulation requirements. 
From the simulation results it is observed that we can set the repetition number to 8 for 2Rx UE with CE Mode A considering MPDCCH BLER=1%. Similarly, it is observed that we can set the repetition number to 32 for 2Rx UE with CE Mode B considering MPDCCH BLER=1%. 
Observation 1: With 2Rx UE, the possible MPDCCH repetition numbers are 8 for CE Mode A and 32 for CE Mode B. 
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Figure 3
Comparison of MPDCCH demodulation performance between 1Rx and 2Rx.
3.2
PDSCH

3.2.1
CE Mode A without repetition
Figure 4 compares PDSCH TM2/TM6 demodulation performance between 1Rx and 2Rx with the same parameters specified in Rel-13 eMTC. When we focus on 70% of maximum throughput, it is observed that the required SNR levels are improved from SNR=6dB to SNR=2.5 for TM6 and from SNR=7dB to 3.5dB for TM2. 
Observation 2: With 2Rx UE, the required SNR levels for 70% of the maximum throughput are improved by 3.5dB for CE Mode A TM2/TM6 PDSCH demodulation requirements. 
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Figure 4
Comparison of PDCCH CE Mode A demodulation performance between 1Rx and 2Rx (no repetition).
3.2.2
CE Mode A TM9

Figure 5 compares PDSCH TM9 demodulation performance between 1Rx and 2Rx with the same parameters specified in Rel-13 eMTC. When we focus on 70% of the maximum throughput, it is observed that the required SNR levels for 2Rx UE is more than 3dB better than 1Rx UE with the same repetition number 8. With repetition number 4, the required SNR for 70% of maximum throughput is close to 1Rx UE. 
Observation 3: With 2Rx UE, the possible PDSCH repetition number for TM9 CE Mode A case is 4. 
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Figure 5
Comparison of PDCCH CE Mode A demodulation performance between 1Rx and 2Rx (with repetition)
3.2.4
CE Mode B TM2

Figure 6 compares PDSCH TM2 demodulation performance between 1Rx and 2Rx with the same parameters specified in Rel-13 eMTC. When we focus on 70% of the maximum throughput, it is observed that the required SNR levels for 2Rx UE is about 2.5dB better than 1Rx UE with the same repetition number 64. With repetition number 32, the required SNR for 70% of the maximum throughput is close to 1Rx UE. 

Observation 4: With 2Rx UE, the possible PDSCH repetition number for TM2 CE Mode B case is 32. 
[image: image8.emf]-20 -19 -18 -17 -16 -15 -14 -13 -12 -11 -10

SNR [dB]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

R

e

l

a

t

i

v

e

 

t

h

r

o

u

g

h

p

u

t

PDSCH CE Mode B TM2, ETU1 2Tx

Rep32, 2Rx

Rep64, 1Rx

Rep64, 2Rx


Figure 6
Comparison of PDCCH CE Mode B demodulation performance between 1Rx and 2Rx.
Table 1 summarizes the possible repetition numbers for MPDCCH/PDSCH demodulation requirements for UE supporting coverage enhancement. We propose to set the repetition numbers in the table to specify the MPDCCH/PDSCH demodulation requirements for 2Rx UE. 
Observation: When new MPDCCH/PDSCH demodulation requirements are introduced for 2Rx UE supporting coverage enhancement, the following repetition numbers can be used to keep the same SNR requirements as 1Rx UE.
Table 1
Possible repetition numbers for MPDCCH/PDSCH demodulation requirements with repetition.
	
	1Rx UE
	2Rx UE

	MPDCCH CE Mode A
	32
	8

	MPDCCH CE Mode B
	64
	32

	PDSCH TM9 CE Mode A
	8
	4

	PDSCH TM2 CE Mode B
	64
	32


4
Conclusion

Proposal 1: RAN4 introduce new MPDCCH/PDSCH demodulation requirements for coverage enhancement UEs with 2Rx by reusing all the parameters except for the repetition number. For repetition number, one to two lower repetition levels should be set.
Proposal 2: 4Rx UE supporting coverage enhancement satisfy the same requirements for coverage enhancement UEs with 2Rx, where the simplified antenna connection is applied. 
Observation: When new MPDCCH/PDSCH demodulation requirements are introduced for 2Rx UE supporting coverage enhancement, the following repetition numbers can be used to keep the same SNR requirements as 1Rx UE.

	
	1Rx UE
	2Rx UE

	MPDCCH CE Mode A
	32
	8

	MPDCCH CE Mode B
	64
	32

	PDSCH TM9 CE Mode A
	8
	4

	PDSCH TM2 CE Mode B
	64
	32
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