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1. Introduction 
On RAN1 #82bis meeting and #83bis meeting, the UE behavior in legacy standards is discussed when the PRBs assigned to the PDSCH have collision with PSS/SSS/PBCH.  The current agreement is as

“When the UE is scheduled with a PDSCH RBG on port 7-14 that partially overlaps with frequency with PSS/SSS/PBCH, the UE expects that the PDSCH is not mapped onto the overlapped RB(s) within the RBG”.
Further, in RAN1 #83 meeting, it is agreed to investigate further until RAN1 #84 meeting whether or not UE can also receive RBs that overlap with PSS/SSS/PBCH.
In this contribution, we provide further analysis on the aforementioned issue.
2. PDSCH PRB collision with PSS/SSS/PBCH
Figure 1 describes (a) legacy UE behavior, (b) agreed UE behavior in RAN1 #83 and (c) proposed new UE behavior in RAN1 #83 ([4][5][6]) for the resource allocation in conjunction with the PRBs carrying PSS/SSS/PBCH with DM RS based TM (e.g. TM9).
The proposed new UE behavior described in Figure 1-(3) would require a new DM RS pattern design since current DM RS pattern cannot be used in the central 6 PRBs (e.g. some DM RS REs are colliding with PSS/SSS/PBCH). One simple consideration may be to puncture the DM RS REs which are overlapped with PSS/SSS/PBCH, where the performance cannot be guaranteed particularly in medium/high speed scenarios. At any case, additional channel estimator and its adaptation need to be implemented at UE side to consider such exception. In case of simple puncturing of DM RS REs, it is, hence, expected the degraded channel estimate performance due to lack of DM RS density. 
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Figure 1. Current and possible UE behaviour in the scenario of PDSCH PRB collision with PSS/SSS/PBCH
Tables 1 and 2 demonstrate the achievable peak data rate in the scenarios of Figures 1-(2) and 1-(3), respectively, along with TM 9 DMRS-based PDSCH and 2-layer 2-codeword transmission in TDD UL/DL configuration 2 with special subframe configuration 7. It is observed that additional peak data rate of Figure 1-(3) over Figure 1-(2) is 1.56% resulting from the usability of the central 6 PRBs carrying PSS/SSS/PBCH. 
Table 1. UE peak date rate: TM 9 2-layer transmission for TDD UL/DL configuration #2 (Figure 1-(b))
Table 2. UE peak date rate: TM 9, 2-layer 2-codeword transmission for TDD UL/DL configuration #2 (Figure 1-(c))
	eNB 2Tx, UE 2Rx, 2Port CRS, 2Port CSI-RS, SA2/SSP7(10:2:2), CFI=1, TM9 Rank2 Peak Rate (64QAM) 

	Subframe #
	#0
	#1
	#2
	#3
	#4
	#5
	#6
	#7
	#8
	#9
	TM9 2x2 Peak Rate (Mbps)

 

 

 

93.83 Mbps

	Subframe type
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D
	

	RE/PRB
	132
	88
	-
	132
	132
	132
	88
	-
	132
	130
	

	Max #RB
	94
	94
	-
	100
	100
	94
	94
	-
	100
	100
	

	Total REs
	12408
	8272
	-
	13200
	13200
	12408
	8272
	-
	13200
	13000
	

	Total Bits (64QAM)
	74448
	49632
	-
	79200
	79200
	74448
	49632
	-
	79200
	78000
	

	Total Bits w/ 0.93 code rate constraint
	69236
	46157
	-
	73656
	73656
	69236
	46157
	-
	73656
	72540
	

	TBS_L1
	61664
	45352
	-
	63776
	63776
	61664
	45352
	-
	63776
	63776
	


	eNB 2Tx, UE 2Rx, 2Port CRS, 2Port CSI-RS, SA2/SSP7(10:2:2), CFI=1, TM9 Rank2 Peak Rate (64QAM) 

	Subframe #
	#0
	#1
	#2
	#3
	#4
	#5
	#6
	#7
	#8
	#9
	TM9 2x2 Peak Rate (Mbps)

  

 95.29 Mbps (1.56 % benefit over Fig. 1-(b))

	Subframe type
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D
	

	RE/PRB
	132
	88
	-
	132
	132
	132
	88
	-
	132
	130
	

	Max #RB
	100
	100
	-
	100
	100
	100
	100
	-
	100
	100
	

	Total REs
	12930
	8746
	-
	13200
	13200
	13146
	8746
	-
	13200
	13000
	

	Total Bits (64QAM)
	77580
	52476
	-
	79200
	79200
	78876
	52476
	-
	79200
	78000
	

	Total Bits w/ 0.93 code rate constraint
	72149
	48803
	-
	73656
	73656
	73355
	48803
	-
	73656
	72540
	

	TBS_L1
	63776
	46888
	-
	63776
	63776
	63776
	46888
	-
	63776
	63776
	


In spite of the peak data rate analyzed above, it would be expected that there may not be a significant loss in system perspective resulting from not scheduling the central 6 PRBs colliding PSS/SSS/PBCH since those PRBs can be scheduled by CRS based scheme fall-back for a UE and CRS based TM for another UE.
3. Performance evaluation

Figure 2 compares throughput curves between scheme-(c) associated with Figure 1-(c) and scheme-(b) associated with Figure 1-(b). It is observed that the throughput gain of scheme-(c) beyond scheme-(b) is up to 1.6%.
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Figure 2. Throughput comparison between scheme-(c) and scheme-(c)
4. Summary
In this contribution, we discuss the performance benefit from utilizing the PRBs containing PSS/SSS/PBCH for PDSCH transmission. The gain can be summarized as follows.
· The peak rate is increased by 1.56 % in case of TM 9, 2-layer 2-codeword transmission for TDD UL/DL configuration #2. 
· From a set of link level simulation, it is observed that the throughput gain is up to 1.6 %.
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