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1	Introduction
RAN4#110 agreed with the WF on the UE demodulation requirements for NR less than 5MHz [1], and RAN4 agreed to define PDCCH and PBCH demodulation requirements. 
We continue to discuss the UE demodulation requirements for UE supporting NR less than 5MHz.
2	Discussion
2.1	PDCCH demodulation performance
2.1.1	Punctured PDCCH
2.1.1.1	Simulation results
Table 1 shows the candidate simulation assumptions for PDCCH demodulation requirements [1]. Table 2 shows the detailed CORESET configurations. It is also important to specify where PDCCH with DCI 1_0 is allocated to avoid misalignment of the simulation results.
[bookmark: _Ref149046114]Table 1	Simulation assumptions for PDCCH with puncturing.
	Number of Tx
	Bandwidth (MHz)
	CORESET RB
	CORESET duration
	Aggregation level
	Reference Channel
	Propagation Condition
	Antenna configuration and correlation Matrix

	1
	3 
	15
	3
	4
	[R.PDCCH. 1-2.x FDD]
	TDLA30-10
	1x2 Low

	2
	3
	15
	3
	4
	[R.PDCCH. 1-2.x FDD]
	TDLC300-100
	2x2 Low

	1
	3
	15
	3
	4
	[R.PDCCH. 1-2.x FDD]
	TDLA30-10
	1x4 Low

	2
	3
	15
	3
	4
	[R.PDCCH. 1-2.x FDD]
	TDLC300-100
	2x4 Low



[bookmark: _Ref149046113]Table 2	CORESET configuration for PDCCH decoding requirements.
	Parameters
	Values
	Notes

	CORESET0 configuration index (TS38.213 Table 13-0)
	8
	Non-interleaved, PR offset: 0, 3 symbols

	REG bundle size (L)
	6
	

	Shift index (nshift)
	 (see TS 38.211 7.3.2.2)
	

	PDCCH CCEs allocation
	4, 5, 6, 7
	

	DCI payload size
	35 bits
	DCI 1_0, 15RB



Figure 1 shows our initial simulation results where we compare the cases with and without puncturing, that is, the non-puncturing PDCCH case corresponds to the CCE index set {0, 1, 2, 3} and the puncturing PDCCH case corresponds to the CCE index set {4, 5, 6, 7}, respectively. Table 3 summarizes the SNR (dB) to achieve 1% of BLER (or probability of missed downlink scheduling grant, Pm-dsg). 
[image: ][image: ]
[bookmark: _Ref158903621]Figure 1	Punctured PDCCH simulation results.
[bookmark: _Ref161127031]Table 3	Summary of PDCCH simulation results
	
	1Tx - 2Rx
	1Tx - 4Rx
	2Tx - 2Rx
	2Tx - 4Rx

	Punctured PDCCH
	3.8
	-2.6
	1.1
	-3.8

	Non-punctured PDCCH
(For information)
	3.5
	-3.7
	0.0
	-5.1



2.1.1.2	Discussion
	Way forward:
· Further discuss whether to define requirements with 1TX and/or 2TX.



One of the remaining open issues on the puncturing PDCCH demodulation requirements is the configuration of the number of Tx antennas: 1Tx and/or 2Tx. Firstly, we think it is sufficient to define one set of requirements since the UE demodulation algorithm is independent of the number of Tx antennas. We slight prefer to select 2Tx with the reason that 1) Tx diversity is used in commercial and 2) 2Tx case configures higher Doppler spread such as 100Hz. 
Proposal 1: Configure 2Tx for the punctured PDCCH demodulation requirements. 
2.1.2	High-speed train condition
Another open issue is whether to define PDCCH demodulation requirements with HST condition such as HST-417.
	Issue 1-3-3: PDCCH requirements in HST conditions
Way forward:
Further discussion is needed:
· Option 1: Introduce PDCCH requirements at 3MHz CBW in HST conditions.
· Option 2: Not to introduce HST scenario for PDCCH requirements.



As we discussed in the past meetings, RAN1 ensures PDCCH-DMRS on every OFDM symbol, which does not need to perform the time-domain channel estimation interpolation, unlike PDSCH. This is also the reason why RAN4 has not introduced PDCCH demodulation requirements in HST condition in Rel-16/17/18 HST-related work items.
[image: ]
[bookmark: _Ref161128141][bookmark: _Ref161128132]Figure 2	PDCCH demodulation performance comparison between HST-417 and AWGN.
[bookmark: _Ref161128127]Table 4	Simulation parameters for PDCCH with HST-417/AWGN.
	Number of Tx
	Bandwidth (MHz)
	CORESET RB
	CORESET duration
	Aggregation level
	DCI size
	Propagation Condition
	Antenna configuration and correlation Matrix

	1
	3 
	15
	3
	4
	35 bits
	HST-417
AWGN
	1x2 Low



Figure 2 shows our PDCCH simulation results to evaluate the impact with HST channel compared with AWGN, according to the simulation parameters in Table 4, since HST-417 is based on AWGN channel model. As shown in the figure the impact with HST channel model is very small (< 0.2dB) at the SNR test point to achieve 1% BLER, which means PDCCH is robust to the Doppler shift caused by HST model.
Observation 1: PDCCH is robust to the Doppler shift caused by HST model. 
With the observation, we don’t think RAN4 need to define new PDCCH demodulation requirements with HST channel model. 
Proposal 2: Not to introduce HST scenario for PDCCH demodulation requirements.

2.2	PBCH demodulation performance
RAN4 has already agreed to define the punctured PBCH demodulation requirements with unknown SSB index for 2Rx/4Rx. Table 3 summarize our alignment simulation results and impairment simulation results to define PBCH demodulation requirements. 
[bookmark: _Ref148972580]Table 5	Simulation results for PBCH demodulation with unknown SSB index. 
	Duplex 
	Bandwidth (MHz) / Subcarrier spacing (kHz) 
	SSB/PBCH index 
	Propagation condition 
	Antenna configuration and correlation matrix 
	Alignment results
	Impairment results

	FDD 
	3 / 15 
	Unknown
	TDLC300-100 
	1 x 2 Low
	-5.8
	-3.8

	FDD 
	3 / 15 
	Unknown
	TDLC300-100 
	1 x 4 Low
	-8.5
	-6.5



3	Summary
Proposal 1: Configure 2Tx for the punctured PDCCH demodulation requirements. 
Observation 1: PDCCH is robust to the Doppler shift caused by HST model. 
Proposal 2: Not to introduce HST scenario for PDCCH demodulation requirements.
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