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1   Background
In RAN#75, the new WI on New Radio Access Technology was approved [1]. According to the latest TU allocation [2], there are 2 TUs allocated in this meeting. In RAN4#86bis meeting, NR PBCH performance requirements were discussed and agreements were captured in [3] and [4] as
· Demodulation performance requirements

· FFS for PBCH
Some contributions on NR PBCH were submitted to RAN4#87 meeting [3] however due to limited time budget none was discussed in the meeting. 
In this contribution, we further discuss NR PBCH performance requirements.
2   Discussion
2.1   Review of LTE PBCH performance requirements

In LTE, PBCH performance requirements were defined for single-antenna port and transmit diversity. The test metric is Pm-bch, i.e. miss-detection of the PBCH, which is defined as
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where A is the number of correctly decoded MIB PDUs and B is the Number of transmitted MIB PDUs (Redundancy versions for the same MIB are not counted separately).
However, corresponding requirements were not defined in RAN5 so the actual PBCH performance is not tested on UEs. 
2.2   Consideration of NR PBCH performance requirements
In NR, instead of only one format of SS block in LTE, PBCH has much more flexible and distinguished set of configurations. Therefore, it is necessary to define typical test cases for PBCH demodulation performance.
Proposal1: Introduce demodulation performance tests for NR PBCH.
Proposal2: Use SNR @ 1% of Pm-dsg as test metrics for NR PBCH.

2.3   Transmission mode

There are two ways for transmission mode test. First, since NR PBCH is transmitted over single port, 1x2 and 1x4 should be considered. Moreover, to compare with LTE, 2x2 and 2x4 should be taken into account with precoder decided by gNB. However, further discussions on how to ensure 1Tx NR performance comparable to or better than LTE and on how to apply random precoder should be carried out. We suggest to follow Annex B.4.1 in TS36.101, where goes

Single-layer transmission without a simultaneous transmission on the other antenna port, is defined by using a precoder vector 
[image: image2.wmf])

(

i

W

 of size 
[image: image3.wmf]1

2

´

 randomly selected with the number of layers 
[image: image4.wmf]1

=

u

 from Table 6.3.4.2.3-1 in TS36.211as beamforming weights. This precoder takes as an input the signal
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 the number of modulation symbols including the user-specific reference symbols (DRS), and generates a block of signals 
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 the elements of which are to be mapped onto the same physical RE but transmitted on different antenna elements:
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and according to TS36.211 Table 6.3.4.2.3-1, the precoder could be selected from codebook index 0~3 randomly.
 Table 6.3.4.2.3-1: Codebook for transmission on antenna ports 
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	Codebook index
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Observation1: Further investigate the number of transmission antennas. 
2.4   Reference receiver assumptions

MMSE should be used as the receiver assumptions for NR PBCH.
Proposal3: Use MMSE as reference receiver assumptions for NR PBCH.

2.5   Propagation conditions

TDL was agreed to be introduced for FR1. Detailed descriptions of TDL can be found in TS38.901 according to which TDL-A, TDL-B and TDL-C could be used under better, fair, and worse propagation conditions respectively. The carrier frequency is assumed 4GHz. For robustness test purpose, we select TDL-C and a larger Delay Spread of 300ns and Doppler Shift of 450Hz for NR PBCH in FR1.
Table 3 Propagation conditions for NR PBCH FR1

	Channel Model
	TDL-C

	Delay Spread
	300ns

	Doppler Shift
	450Hz


Proposal4: Define propagation conditions for NR PBCH demodulation performance test in FR1.
2.6   Test Cases
SS burst has a default periodicity of 20ms and here we assume the default periodicity for SS burst transmission. Test cases for NR PBCH FR1 are summarised in Table 4.
Table 4 Test cases for NR PBCH FR1

	Test case
	Antenna config.
	SCS (kHz)
	Propagation conditions

	#1
	1x2 Low
	15
	TDL-C, 300ns, 450Hz

	#2
	1x2 Low
	30
	TDL-C, 300ns, 450Hz

	#3
	1x4 Low
	15
	TDL-C, 300ns, 450Hz

	#4
	1x4 Low
	30
	TDL-C, 300ns, 450Hz


Proposal5: Define test cases for NR PBCH demodulation performance test in FR1.
3   Conclusion
In this contribution, we analyses test cases for NR PDCCH demodulation performance requirements.
Proposal1: Introduce demodulation performance tests for NR PBCH.

Proposal2: Use SNR @ 1% of Pm-dsg as test metrics for NR PBCH.

Observation1: Further investigate the number of transmission antennas. 
Proposal3: Use MMSE as reference receiver assumptions for NR PBCH.

Proposal4: Define propagation conditions for NR PBCH demodulation performance test in FR1.
Table 3 Propagation conditions for NR PBCH FR1

	Channel Model
	TDL-C

	Delay Spread
	300ns

	Doppler Shift
	450Hz


Proposal5: Define test cases for NR PBCH demodulation performance test in FR1.
Table 4 Test cases for NR PBCH FR1

	Test case
	Antenna config.
	SCS (kHz)
	Propagation conditions

	#1
	1x2 Low
	15
	TDL-C, 300ns, 450Hz

	#2
	1x2 Low
	30
	TDL-C, 300ns, 450Hz

	#3
	1x4 Low
	15
	TDL-C, 300ns, 450Hz

	#4
	1x4 Low
	30
	TDL-C, 300ns, 450Hz
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