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1. Introduction
In [1] the performance of NB-IoT NPBCH and SIB-1 was found to be compromised due to reduced inter-cell interference randomization. This is due to the fact that consecutive NPBCH or SIB-1 transmissions use the exact same scrambling sequence, which reduces the amount of interference averaging across repetitions in the case of synchronized deployments. Although we acknowledge the limitation raised by [1], its correction (if agreed in 3GPP) needs to take into account the timing of this change with respect to Rel-13 completion, as well as the possible impact in low-level implementation details of UEs that are compliant with the current specification.

In this document, we present our views on interference randomization and the implementation impact of possible solutions.

2. Implementation impact of interference randomization
2.1. SIB1
The proposal in [1] for SIB1 interference randomization is to change the initialization of the scrambling sequence in such way that different SIB1 transmissions use different scrambling initialization. Since the SIB1 processing is merely an NPDSCH decoding, and usually low level implementations have enough flexibility to change the scrambling sequence initialization (since the scrambling is different for different NPDSCH), the proposal to change the scrambling initialization for SIB1 may be feasible to implement in current UEs.
Observation 1: Modifying the scrambling sequence initialization for SIB-1 may be supported by minimal changes in Rel-13 UEs
2.2. MIB
The changed proposed in [1] for NPBCH requires two levels of scrambling:
1) The 1600 bits scrambling code is kept
2) For each block of 200 bits, instead of repeating the exact same 200 bits, an additional scrambling code is performed on top.
This change, in our view, is more drastic than the one proposed for SIB1, since it does not imply a change of scrambling but an additional level of scrambling. Scrambling is typically a very low-level operation that is implemented in hardware, and adding a new layer of scrambling may not be feasible for some UE architectures, especially those that rely on specific circuitry for these low level operations. Additionally, a complete refactoring of the UE would be needed if the receiver used symbol level combining followed by a single demodulation.
Observation 2: The proposed modification to NPBCH may result in low-level changes (including hardware changes) in a UE due to the following reasons:
- It modifies the way scrambling is performed in NPBCH, effectively adding a new layer of scrambling
- The new method does not allow for symbol-level combining (e.g. combine 8 consecutive NPBCH and perform single demodulation)
In the following, we present a solution that does not have this problem, and essentially moves the interference randomization step from a very low-level operation (bit level) to a higher level operation (IQ samples after FFT), which should allow for more flexibility in the UE implementation.
One of the basis of scrambling is to decorrelate the interference, i.e., make the interference in two consecutive subframes/symbols as independent as possible in such a way that averaging effectively increases the SINR. This decorrelation, however, can be obtained without resorting to a low level operation such as scrambling. We propose that, instead of scrambling the bits, the eNB rotates the constellation points after RE mapping by multiplying these REs by a quasi-random sequence containing {1,-1,j,-j}. Note that the amount of randomization introduced by this rotation is equivalent to that introduced by scrambling (2 bits per RE), but offers the following advantages:
- Linear operation: Unlike scrambling, this operation can be undone before demodulation (i.e, based on the post-FFT samples), so symbol-level properties provided by the presence of repetitions can still be exploited. This enables symbol level combining and other features disabled by scrambling (e.g. frequency error estimation).
- Higher level operation: A typical UE implementation has more flexibility the earlier the operation is performed, e.g. there is more flexibility in modifying the post-FFT samples than changing the structure of decoding or LLR combining.
The complexity of this method is comparable to the one of descrambling, since it only involves sign changes and real/imaginary part switching due to the carefully chosen quasi-random sequence involving only {1,-1,j,-j}.
The operation is summarized as follows (for each 80ms block), compared to current operation:
Table 1 Rotation-based randomization
	Current operation
	Proposed change

	1) Get a block of symbols 
         N = starting index for the 80ms block
         K = number of symbols in 1 subframe (200)
2) Repeat the same block in 8 consecutive NPBCH subframes
	1) Get a block of symbols 
         N = starting index for the 80ms block
         K = number of symbols in 1 subframe (200)
2) For each of the 8 consecutive NPBCH subframes (indices j=0,..,7), the block of K symbols to be transmitted is obtained as follows

Where is obtained as

And  is a scrambling sequence initialized by 


Proposal: If the NPBCH interference randomization problem is to be solved, adopt the solution in Table 1.


3. Implementation impact of interference randomization
Observation 1: Modifying the scrambling sequence initialization for SIB-1 may be supported by minimal changes in Rel-13 UEs
Observation 2: The proposed modification to NPBCH may result in low-level changes (including hardware changes) in a UE due to the following reasons:
- It modifies the way scrambling is performed in NPBCH, effectively adding a new layer of scrambling
- The new method does not allow for symbol-level combining (e.g. combine 8 consecutive NPBCH and perform single demodulation)
Proposal: If the NPBCH interference randomization problem is to be solved, adopt the solution in Table 1.

A. Text proposal to 36.213
<Text proposal>
[bookmark: _Toc454818200]10.2.4.4	Mapping to resource elements






The block of complex-valued symbols for each antenna port is transmitted in subframe 0 during 64 consecutive radio frames starting in each radio frame fulfilling . Define as the block of complex-valued symbols to be transmitted in subframe 0 of radio frame , as , with for normal cyclic prefix, and











where the scrambling sequence is given by clause 7.2, and shall be initialized at the start of each radio frame with . The block of complex-valued symbols  and shall be mapped in sequence starting with  to resource elements . The mapping to resource elements  not reserved for transmission of reference signals shall be in increasing order of first the index, then the index . After mapping to a subframe, the subframe shall be repeated in subframe 0 in the 7 following radio frames, before continuing the mapping of to subframe 0 in the following radio frame. The first three OFDM symbols in a subframe shall not be used in the mapping process. 



For the purpose of the mapping, the UE shall assume cell-specific reference signals for antenna ports 0-3 and narrowband reference signals for antenna ports 2000 and 2001 being present irrespective of the actual configuration. The frequency shift of the cell-specific reference signals shall be calculated by replacing with  in the calculation of in clause 6.10.1.2.  
</Text proposal>
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