
3GPP TSG RAN WG1 Meeting #72
        

               R1-130282
St. Julian’s, Malta, Jan. 28th – Feb. 1th, 2013
Agenda item:
7.3.1.1
Source: 
Samsung
Title: 



PSS/SSS Details on NCT cells
Document for:
Discussion and Decision

1 Introduction
In RAN1#69 the following was concluded on the PSS/SSS in NCT cells:
Agreement: 
· The existing DM-RS patterns will be used on the NCT (subject to possibly being with puncturing as per Alt 3a)

Study until RAN1#70 Alternatives 1 and 3

· Alt 1: Avoid collisions between PSS/SSS and DM-RS by moving the PSS/SSS

· 1a: keeping Rel-8 relative locations of PSS/SSS: 

· 1b: change relative locations of PSS/SSS

· Alt 3: Keep Rel-10 DM-RS pattern and Rel-8 PSS/SSS locations. 

· 3a: Puncture DM-RS: 

· 3b: Forbid PDSCH transmissions in PRBs with PSS/SSS

2 Analysis of the Alternatives
The major drawbacks of Alt 3 are overhead increase (Alt 3b) and performance degradation (Alt 3a). 

Alt 3b suffers from 1.2% (in the system BW of 100 PRBs) to 20% (in the system BW of 6 PRBs) overhead. Considering that one of the motivations to introduce NCT in Rel-11 is overhead reduction by removing some PHY signals, Alt 3b is not-desirable. Especially, it is noted that when bandwidth reduction is applied to MTC UEs (only center 6 PRBs are used), the overhead due to applying Alt 3b is 20%.
On the other hand, Alt 3a suffers from performance degradation, as shown in Table 1, which summarizes link level simulation results whose simulation assumptions and detail plots are shown in the appendix. In case of rank 1 transmission, the performance loss is ~0.5 dB if the UE speed is 3kmh and the loss increases up to 1.15 dB (with 64QAM) if the UE speed is 30kmh. In case of rank 2 transmission, the performance loss is up to 1.18 dB (with 64QAM) if the UE speed is 3kmh and becomes more than 5 dB (with 64QAM) if the UE speed is 30kmh. 
It is noted that the results for the punctured DMRS cases have been obtained with a new channel estimator optimized for the 6 available DMRS REs. In order not to implement a new one for the limited use case, it is desirable to reuse the existing channel estimator as much as possible. One example way of reusing the full-DMRS channel estimator for the punctured case would be copying the signal observations in the non-punctured DMRS REs into the punctured DMRS REs and use the full-DMRS channel estimator. In case such a suboptimal DMRS channel estimator is used, further performance degradation is expected for the punctured DMRS. 

This performance degradation limits the use cases of the center 6 PRBs with PSS/SSS and imposes scheduling restriction. 

Observation 1: DMRS puncturing results in significant performance loss, especially with rank 2 and/or 30kmh. 

Table 1 Performance loss due to DMRS puncturing
	Simulation Setting
	Full DMRS: 

SNR for 0.1 BLER (dB)
	Punctured DMRS:

SNR for 0.1 BLER (dB)
	SNR gap at 0.1 BLER

	MCS = 5, Rank 1, Speed = 3
	-0.28
	0.4
	0.68

	MCS = 12, Rank 1, Speed = 3
	5.04
	5.49
	0.45

	MCS = 20, Rank 1, Speed = 3
	12.12
	12.65
	0.53

	MCS = 5, Rank 1, Speed = 30
	2.71
	3.43
	0.72

	MCS = 12, Rank 1, Speed = 30
	8.66
	9.34
	0.68

	MCS = 20, Rank 1, Speed = 30
	16.32
	17.47
	1.15

	MCS = 5, Rank2, Speed = 3
	7.08
	7.79
	0.71

	MCS = 12, Rank2, Speed = 3
	13.47
	14.52
	1.05

	MCS = 20, Rank2, Speed = 3
	21.325
	22.5
	1.18

	MCS = 5, Rank2, Speed = 30
	9.27
	-
	> 1

	MCS = 12, Rank2, Speed = 30
	17.08
	18.55
	1.47

	MCS = 20, Rank2, Speed = 30
	26.36
	-
	>5
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Figure 1 Cases for an NCT cell neighbouring an R11 cell
On the other hand, in RAN1#69, the following aspect was discussed as a potential drawback of Alt 1. 
· Potential issues related to integration of legacy carrier type and new carrier type using the same carrier frequency [1]:
There are two possibilities, as shown in Figure 1. In Case 1, an NCT cell neighbors an R11 cell being a Pcell for some UEs on the same carrier frequency. In case 2, an NCT cell neighbors an R11 cell being an Scell on the same carrier frequency. 
In Case 1, the deployment of NCT cells in the same frequency as the legacy carrier could create coverage holes to legacy UEs. In Case 2, eNB2 can configure CA for only those UEs who can access NCT in the neighbour cell. These drawbacks raise questions as to whether these scenarios in Figure 1 should be prioritized or not in RAN1. Before discussing various design aspects of the scenario, benefits and usefulness of the scenario should be discussed first. 
Furthermore, even if there is a case where the deployments shown in Figure 1 is useful, it is noted that legacy UEs cannot perform RRM measurement on an NCT cell as the NCT cell does not carry CRS; and cannot complete cell acquisition without PBCH. Regardless of Case 1 or Case 2, the legacy UEs cannot receive any meaningful data from the NCT cell. If eNB wants to block the access of the legacy UEs for the NCT cell, eNB can add the neighbour NCT cell to the black list by configuring an RRC IE MeasObjectEUTRA for the legacy UEs [3]. 
When the neighbor NCT cell is non-standalone carrier for R12 UEs, R12 UEs cannot be handed over to the neighbor NCT cell.  The measurement on the neighbour NCT cell could be meaningless in this case, and the unnecessary cell search and measurement can be prevented if eNB adds the neighbour NCT cell to the black list. 
When the neighbor NCT cell is a standalone carrier for the R12 UE, the R12 UE may be allowed to make an RRM measurement for the neighbor NCT cell for cell reselection. However, as the NCT cell does not carry any CRS, the R12 UE cannot rely on the R11 mechanism of the RRM measurement. A new RRM measurement mechanism could be separately discussed. 
Finally, inter-frequency measurement may be necessary for eNB’s making decision of configuring an NCT cell to a R12 UE as an Scell. The new RRM measurement mechanism could be defined considering this application as well.  
Observation 2: Legacy UEs cannot perform RRM measurement on the NCT cell, as CRS is not transmitted in the NCT cell and cell acquisition cannot be completed without PBCH. When an NCT cell is non-standalone, R12 UEs cannot be handed over to the neighbor NCT cell. In both cases, measurement for the neighbor NCT cell is meaningless, and the non-meaningful measurement can be prevented if eNB adds the neighbour NCT cell to the black list. 
Observation 3: The RRM measurement for NCT cells is currently not defined. 

From these observations, no adverse impacts associated with the remapping of PSS/SSS (Alt 1) are identified while Alt 3 has clear disadvantages of increased overhead, performance degradation and/or scheduling restriction. In these regards, it is proposed to adopt Alt 1 as way forward.

Proposal 1: Avoid collisions between PSS/SSS and DM-RS by moving the PSS/SSS (Alt 1). 
3 PSS/SSS mapping alternatives for NCT cells
In order to resolve this collision issue, time remapping of PSS/SSS is proposed, continuing the proposal in [4].
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Figure 2 Proposed PSS/SSS mapping for FDD
For FDD NCT, OFDM symbols 1 and 2 are preferred to be the locations of PSS/SSS, to prevent collision with timing CRS (TRS) locations, as well as the UE-RS locations and to keep the commonality of the locations for both normal and extended CPs.
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Figure 3 PSS/SSS mapping alternatives for TDD
For TDD NCT, two alternative locations for PSS/SSS preventing collisions with UE-RS and TRS are considered as depicted in Figure 3. 
In Alternative 1, FDD and TDD have the same PSS/SSS RE mapping, which deviates from the R8 principle. As a result, a UE cannot figure out whether the NCT cell is FDD or TDD by detecting PSS/SSS. In case of non-standalone NCT, the UE can be RRC configured of the information related to the NCT cell in the Pcell, and hence the FDD/TDD information can be included in the RRC configuration in the Pcell if necessary. In case of standalone NCT, which could be discussed in phase 2 of the WI if RAN1 agrees to introduce one, an SIB may carry the information on the FDD/TDD similarly to the Rel-8 design, where SIB1 carries the freqBandIndicator to inform the exact band number [3].   
In Alternative 2, PSS/SSS relative distance is the same between Rel-8 TDD carrier and the NCT TDD carrier, and hence early detection of FDD/TDD is still possible in the NCT cells. Furthermore, a TDD-only UE can rely on Rel-8 cell search mechanism and does not need to implement any new mechanism. 
4 Conclusion
This contribution considered the collision issue between UE-RS and PSS/SSS in the NCT and proposed solutions for FDD NCT and TDD NCT. The proposed PSS/SSS location for FDD and TDD NCT are shown in Figure 2 and in Figure 3, respectively. 
Appendix

The link-level simulations associated with Table 1 are conducted with the simulation parameters listed in Table 2. For the DMRS channel estimation in case 6 DMRS REs are punctured, a new DMRS channel estimator is implemented taking into account only the remaining 6 DMRS REs. The BLER curves for (rank 1, 3kmh), (rank 1, 30kmh), (rank 2, 3kmh) and (rank 2, 30kmh) are shown in Figure 4, Figure 5, Figure 6, Figure 7.
Table 2 Simulation parameters for the link-level simulations
	Parameter
	Value

	Carrier Frequency
	2 GHz

	Number of Tx Antennas
	4

	Number of Rx Antennas
	2

	Antenna Correlation
	Low

	Channel Model 
	ETU

	UE Speed
	3 km/hr, 30 km/hr

	Number of RBs
	6

	PDP Estimation
	CSI-RS based PDP Estimator

	First CSI-RS subframe
	1

	CSI-RS periodicity
	5

	CSIRS Reference Configuration
	2

	Transmission MCS
	Fixed MCS Values 5, 12, 20

	Transmission Rank
	Fixed Rank (1,2) Transmission

	Transmission Precoder
	Wideband PMI

	PMI delay
	8 subframes

	Number of HARQ Transmission
	1

	Receiver
	MMSE based receiver

	DMRS Channel estimator
	MMSE based
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Figure 4: Performance Degradation of fixed Rank 1 Transmission, User speed = 3 km/hr
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Figure 5: Performance Degradation of fixed Rank 1 Transmission, User speed = 30 km/hr
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Figure 6: Performance Degradation of fixed Rank 2 Transmission, User speed = 3 km/hr
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Figure 7: Performance Degradation of fixed Rank 2 Transmission, User speed = 30 km/hr
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