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Introduction

In RAN1#69 meeting, the following options were considered to avoid collision between DM-RS and PSS/SSS in new carrier type:

· 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 2: Change the DM-RS pattern on NCT (i.e. in all subframes) to give better performance for PDSCH demodulation in the absence of a legacy control region (and thereby also avoiding collisions with PSS/SSS)

· Alt 3: Do nothing about PSS/SSS DM-RS collisions in Rel-11
· 3a: Puncture DM-RS 

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

During the meeting, the following agreement was made regarding these options:

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. Keep in mind the question of whether it is worth changing the PSS/SSS locations for NCT in Rel-11 given the considerations raised on DM-RS patterns. 

In this contribution, we provide our views on the collision issue between DM-RS and PSS/SSS in new carrier type along with link level evaluation results.
Discussion

In FDD system, the Rel-8 PSS and SSS signals are mapped onto the last and the second last OFDM symbols respectively, in the central 6 PRBs of the system bandwidth in the first slot of subframe 0 and 5.  In TDD system, the PSS are mapped onto the third symbol of the first slot in subframe 1 and 6, whereas SSS symbols are mapped into the last symbol of the second slot in subframe 0 and 5. As shown in Figure 1 and 2 respectively for FDD and TDD, the transmission of PSS/SSS symbols collide with the transmission of Rel-10 DM-RS symbols using transmit antenna ports {7,..,14}. In Rel-11 NCT, CRS is not used for data demodulation purpose.  Therefore, in NCT design, for data demodulation purpose, some mechanism is required for the transmission of DM-RS signaling in the central 6RBs also containing PSS/SSS.
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Figure 1 Collision of PSS/SSS with DM-RS in FDD System
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(a) TDD SF 0 or SF 5
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(b) TDD SF 1 or SF 6(only first 4 symbols are shown here)
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Figure 2 Collision of PSS/SSS with DM-RS in TDD System



While designing new mechanism, the following issues should be considered
· Performance of initial cell search and synchronization by PSS/SSS 
· Performance of data demodulation in the central 6PRBs

The use of Option 3b: Forbid PDSCH transmissions in PRBs with PSS/SSS will decrease system throughput and therefore should be avoided. While considering Option 1: Avoid collisions between PSS/SSS and DM-RS by moving the PSS/SSS, the following should be considered: 
· Collision avoidance with existing RSs and other signaling:  If the position of PSS/SSS is shifted from Rel-8 position, new collision possibility with the existing RSs and other signaling may arise. The way forward proposed in [1], where symbol 1 and 2 in first slot of subframe 0 and 5 are chosen for FDD for SSS and PSS transmission is a possible option from this perspective.
· Relative positioning of PSS/SSS: In Rel-8 FDD system, the SSS signal is located in the symbol immediately preceding the PSS symbols, whereas for TDD system, the SSS signal is located in the preceding subframe and three symbols preceding the location of PSS signals. Such close proximity of PSS and SSS signals in time enables the coherent detection of SSS signaling relative to the PSS. If relative distance between PSS/SSS is increased from Rel-8 design, e.g. if the symbol distance between PSS and SSS is increased from Rel-8 design, coherent detection of SSS with respect to PSS may not be possible – which may result in performance degradation in initial and neighbor cell search.
· Prevention of NCT acquisition of legacy UE: As considered in Option 1b:change relative locations of PSS/SSS, by changing the relative time location of PSS and SSS compare to the Rel-8 design, the acquisition of NCT by the legacy UEs can be prevented. However, if needed, other mechanisms are also possible to prevent legacy UEs from acquiring the NCT [2-3]. Furthermore, changing relative location of PSS/SSS from Rel-8 design will increase implementation complexity for Rel-12 UE to try to search both legacy and Rel-12 PSS/SSS.
Based on the above discussion, we have the following observation:

Observation: Considering UE implementation complexity and initial acquisition and synchronization performance, it is desirable to keep Rel-8 relative position of PSS and SSS in NCT design.
If Option 3a: Puncture DM-RS is adopted, then the same Rel-8 PSS/SSS design will be used in NCT. Therefore from initial and neighbor cell search perspective, this is a desirable solution. In addition, compared to Option 1, Option 3a will require less change in the specification as the punctured DM-RS pattern has been already defined in Rel-11. The use of Rel-8 PSS/SSS design will avoid additional complexity in UE implementation compared to Option 1.  However, the puncturing of DM-RS in the central 6PRBs where, when PSS/SSS collides with DM-RS, may degrade the channel estimation performance on these PRBs. This may cause larger performance degradation in high mobility scenario where channel characteristics vary more rapidly in time due to higher Doppler spread. In such scenario, channel estimation using only the PRBs located in the 6th and 7th symbols of the second slot (in case of FDD) may be less accurate. In addition, by puncturing DM-RS, 8 antenna port based transmission may not be possible using antenna ports {7,…,14} since antenna port set {7,8,11,13} and {9,10,12,14} are code-division multiplexed and cannot be distinguished in case of puncturing. However, the collision of DM-RS with PSS/SSS only affects the central 6PRBs in 2 out of every 10 subframes. In case of 10MHz, this only constitutes 2.4% of all available subframes in a frame. In the worst case of 1.4MHz, this is 20% of all the subframes. During scheduling, eNodeB can choose to only schedule low mobility UEs and/or low rate transmission on these subframes and therefore avoid the abovementioned problems. In practical PDSCH transmission, the performance degradation can be alleviated by means for HARQ operation, which will be verified by our link level simulation in this contribution.
Based on the above discussion, we have the following observation
Observation: DM-RS puncturing in case of PSS/SSS collision will have
· Less impact on standardization

· From UE implementation complexity perspective, it is more attractive compared to PSS/SSS shifting.
· Channel estimation may be less accurate in high mobility scenario.
From now on, we present data demodulation performance comparison between Option 1 and Option 3(a). The simulation assumptions are presented in the appendix. For option 1, we assume the proposed PSS/SSS location presented in [1] - where SSS and PSS are transmitted respectively in symbol 1 and 2 in the first slot of subframe 0 and 5.
In Figure, 3(a) and 3(b), we present the performance evaluation for 10MHz system bandwidth for low mobility and medium mobility respectively. Similarly, in Figure, 4(a) and 4(b), we present results for 1.4MHz FDD scenario for low and medium environment respectively. As can be seen from these plots, in 10MHz system bandwidth, the performance difference between these two schemes is negligible. The same is true for 1.4MHz, low mobility case. For medium 1.4MHz system bandwidth, PSS/SSS shifting performs slightly better than DMRS puncturing schemes, but the benefit is not so significant. 
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(b) 10MHz, Medium Mobility
Figure 3: Throughput performance comparison between DM-RS puncturing and PSS/SSS shifting for 10MHz, FDD
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(a) 1.4MHz, Low Mobility
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(b) 1.4MHz, Medium Mobility
Figure 4: Throughput performance comparison between DM-RS puncturing and PSS/SSS shifting for 1.4MHz, FDD
Based on the discussion and evaluation results presented above, it is observed that the performance difference between PSS/SSS shifting and DM-RS puncturing is not so significant. Considering the trade-off between standardization impact/UE implementation complexity and performance differences, DM-RS puncturing is preferred.
Proposal: Option 3a (Puncture DM-RS) is proposed.
In case of TDD system, we can further consider the following two cases for DM-RS puncturing: 
Case 1: Puncturing DM-RS in time symbol 13 of subframe 0 and 5 due to collision with SSS, and puncturing DM-RS in time symbol 2 of subframe 1 and 6 due to collision with PSS 
Case 1 has the more density for DM-RS than Case 2 and supports up to rank 4 transmission. If the transmission in the subframe is based on rank 1 or 3, DM-RS REs in symbol 3 can be used for channel estimation. However, if the transmission in the subframe is based on rank 2, DM-RS REs in symbol 3 cannot be used for channel estimation.
Case 2: Puncturing DM-RS in time symbol 12 and 13 both for subframe 0 and 5, and puncturing DM-RS in time symbol 2 and 3 both for subframe 1 and 6 
Case 2 has the less density for DM-RS than Case 1 and supports up to rank 4 transmission. In contrast to Case 1, the symbol 3 cannot be used for all ranks with Case 2.
As for an example, Figure 5 shows the puncturing pattern with respect to Case 1 and Case 2 for subframe 1 using special subframe configuration 4.
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(a) Case 1
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(b) Case 2

	Figure 5: Two examples for DM-RS puncturing patterns in TDD


Conclusion

In this contribution, we studied the issue of DM-RS collision with PSS/SSS in new carrier type. Based on the discussions and evaluation results presented in section 2, it is observed that the performance difference between PSS/SSS shifting and DM-RS puncturing is not so significant. Considering the trade-off between standardization impact/UE implementation complexity and performance differences, DM-RS puncturing is preferred.

Proposal: Option 3a (Puncture DM-RS) is proposed.
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Appendix
Table 1 Simulation Assumption
	Parameter
	Value

	Carrier Frequency
	2GHz

	System Bandwidth
	10MHz, 1.4MHz

	Channel Model
	EVA

	Vehicular Speed
	3 km/hr (low), 40 km/hr (medium)

	Antenna Setup
	2 Tx 2Rx

	Tx/Rx Antenna correlation
	Uncorrelated

	Modulation and coding rate
	QPSK 1/3

16QAM ½
64QAM ¾

	Transmission mode
	9

	Transmission Rank
	1

	Hybrid ARQ
	Incremental Redundancy

	Max. Number of retransmissions
	4
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