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1. Introduction

During RAN1 #52, the list of initialization bits for the DL RS Gold sequences was agreed in [1]. Furthermore, in RAN1 #52bis, fast forwarding of the Gold sequence generator by 1600 steps for all scrambling applications was added [2].
In this contribution, we identify a further problem with the current DL RS sequence generation and we propose a simple solution.
2. Discussion
In case of certain RX timing of neighbor cells, it may happen that the blind CP length detection is erroneous. Examples of such situations are shown in Figure 1and in Figure 2 for FDD and TDD respectively.
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Figure 1 Normal-to-extended CP length misdetection in FDD: the UE detects PSS timing according to Cell 2 and SSS timing & ID according to Cell 1
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Figure 2 Extended-to-normal CP length misdetection in TDD: the UE detects PSS timing according to Cell 2 and SSS timing & ID according to Cell 1
As can be seen from Figure 1and in Figure 2, due to CP misdetection, the wrong timing of the UE’s FFT window can be either within the CP length or beyond the CP length causing only a linear phase rotation or more severe RS constellation distortion.
The currently agreed list of initialization bits for the DL RS is shown in shown in Figure 3.
[image: image3.jpg]MSB LSB

-~ »
OFDMsymbal ¢ Subframe # catn
dbits abits “Obits




Figure 3 Initialization of the lower register for DL CRS
On the basis of Figure 3 and the locations of RS-bearing OFDM symbols in Figure 1, we note that the OFDM symbol number field will have the following initialization values for the four RS sequences within a subframe:

· Normal CP: {0, 4, 7, 11}

· Extended CP: {0, 3, 6, 9}

Therefore, for a given subframe number and Cell ID, the RS sequences in the first OFDM symbol of a subframe will be identical for the normal and for the extended CP. However, the RS sequences in the remaining OFDM symbols of a subframe will depend on the CP length.
Because of the error case due to CP length misdetection, it is beneficial to implement RS-based CP length verification at the UE. Even though only a part of the RS structure (in the first OFDM symbol of a subframe) is identical for different CP lengths, this verification might be more complex since the UE will have to calculate multiple correlations between the receive RS signal and RS replica in order to find the correlation peak. This is because even if the UE’s window timing is wrong (c.f. Figure 1 and Figure 2), the correlation with a correct sequence will give some non-negligible result. Furthermore, we note that the RS in the first OFDM symbol might constitute an important part of all available RS REs:

· In the case of  mixed MBSFN carriers and/or TDD carriers (due to a shorter DL unicast part of subframes),

· In the case of inter-frequency measurements (due to short measurement gaps).

Therefore, we propose that the RS sequence in each OFDM symbol of a subframe depends on the CP length
. With fully CP length dependent RS sequences:

· The RS-based CP length verification is simpler:

· Correlation with a wrong RS sequence (and wrong timing) will give a very small result, thus the UE can make the verification in 'one shot' (per subframe). While with the same RS sequences for different CPs, the UE might have to move the window and calculate multiple correlations in order to verify the CP length by finding the peak, OR
· The UE does not have to verify the CP length at all:
· The UE will anyway estimate parameters like RSRQ/RSRP for each cell. If the CP was incorrectly detected, then the UE would stop measurements after a while because it would not see any energy.  Even if one RS per subframe is the same, then wrong CP detection will result in some energy in RSRQ/RSRP measurements and measurements would not be stopped.
The CP length dependent DL RS can be achieved with extending the current list of DL RS initialization bits with the CP length as shown in Figure 4.
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Figure 4 Proposed initialization of the lower register for DL CRS
3. Conclusion

In this contribution, we pointed out an issue with RS-based CP length verification due to the current DL RS Gold sequences initialization. On the basis of the discussion in this paper, we propose that:

· RS sequence in each OFDM symbol of a subframe depends on the CP length
· The proposed change can be captured in TS 36.211 as shown in Annex A
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Annex A – Text Proposal to TS 36.211
>>>>>>>>>>>>>>>>>>>>>>>>>Start text Proposal to TS 36.211, section 6.10.1.1<<<<<<<<<<<<<<<<<<<<<<<<<

6.10.1.1
Sequence generation

The reference-signal sequence 
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where 
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 is the slot number within a radio frame and 
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 is the OFDM symbol number within the slot. The pseudo-random sequence 
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 is defined in Section 7.2. The pseudo-random sequence generator shall be initialised with 
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 at the start of each OFDM symbol where 
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 is the OFDM symbol number within a subframe and 
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>>>>>>>>>>>>>>>>>>>>>>>>>>End text Proposal to TS 36.211, section 6.10.1.1<<<<<<<<<<<<<<<<<<<<<<<<<




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































� This is already the case for the RSs in OFDM symbols other than #0.
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