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Introduction
In RAN1 NR Ad-Hoc#1 [1] it was agreed that repetitions will be supported for UL transmission:
· For an UL transmission scheme with/without grant
· K repetitions including initial transmission (with the same or different RV and FFS with different MCS) (K>=1) for the same transport block are supported, 
· FFS the way K is determined
· FFS: hopping mechanisms over the transmissions
The email discussion [4] that followed RAN1#90bis [3] agreed on the following working assumption:
· For UL transmission without UL grant, for a TB transmission with K repetitions 
· The repetitions follow an RV sequence and it is configured by UE-specific RRC signalling to be one of the following: 
· Sequence 1: {0, 2, 3, 1}
· Sequence 2: {0, 3, 0, 3}
· Sequence 3: {0, 0, 0, 0}

The URLLC reliability requirement for URLLC packet size 32bytes is 99.999% with a User Plane latency of 1ms. This contribution quantifies the advantage of using the Sequence 3: {0, 0, 0, 0} for the RV, that was documented in the working assumption from [4]. In addition, the current document proposes a detailed design for the scrambling stage.
This is a  revision of R1-1718356.
 Use of Scrambling for Grant-Free Transmissions
In NR URLLC, according to the agreement reached in RAN1#88 [2], the UE shall repeat the data transmission until it receives an ACK or reaches the maximum amount of allowed repetitions. It is worthwhile considering how the existing LTE chain [5] can be modified in order to maximize the performance gain brought by those repetitions.
Repetitions are in general used for 2 main purposes:
· For retransmissions: repetitions with the same RV version can be used for retransmission in order to guarantee reliability for URLLC transmissions.
· For lower coding rate: URLLC requires a low effective coding rate to achieve high reliability and provide robustness toward frequency selectivity, inter-cell interference and collisions. Beyond a coding rate of 1/3, there is little gain is using extra parity bit to achieve lower code rate, therefore using repetitions become the simplest and least complex way to achieve lower effective coding rate similar to what was done for LTE [6].
When repetitions of the same encoded bits are used, scrambling becomes crucial to mitigate effects of interference correlation and potential collisions.
Scrambling and Interference/Collision Mitigation
Figure 1 shows the BLER performance in the presence of interferer with an SIR = 10dB. The interference is assumed to use the same number of repetitions 4 on the same resources. Simulation are conducted for STATIC channel, 1Tx by 2Rx, LTE turbo code, Packet of 32 Bytes, 4-QAM constellation, 4 repetitions each with a rate 1/3 (aggregate coding rate 1/12), and shows BLER performance with and without the use of coded bit scrambling. In case scrambling is used, the interferer and the user of interest have different scrambling sequences. 
Results show that the use of scrambling allow to gain 3.7dB in performance @BLER=10-3. Hence using scrambling mitigates significantly the interference impact on performance. In the same way, the use of scrambling in case of UL Grant-Free transmission will as well reduce the performance degradation due to UL collisions.
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[bookmark: _Ref485286905]Figure 1:  Scrambling Performance in the Presence of Interference
Cell specific scrambling is in general enough to mitigate inter-cell interference, however for UL GF the scrambling has to be UE specific to allow for collision mitigation. We therefore propose the use of UE specific scrambling for UL GF transmission.
Observation 1: Use of scrambling mitigates interference and GF UL collisions impact
Proposal 1: Support of UE specific scrambling for UL GF transmission
Symbol Scrambling versus Bit Scrambling
In LTE [5], bit scrambling is used. Encoded bits are scrambled with a binary sequence and then modulated to form the transmitted symbols as in Figure 2.
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[bookmark: _Ref481587523]Figure 2: Bit scrambling (pre-modulation Scrambling)
In case of low SNR, in LTE, the eNB has the ability to force repetition of the encoded bits by allocating a large amount of frequency resources and a low MCS. This case corresponds to QPSK modulation. For QPSK modulation, combining the symbols first and then demodulating is equivalent to demodulating first and then combining the LLRs.
However, in NR URLLC repetitions might apply for the case of higher order modulations like 16-QAM as well. 16-QAM can be used for users with high SNR but suffering from multi-path fading. I this case the repetitions can be used to capture frequency-diversity and improve the link reliability, while 16-QAM will be used to improve system efficiency. For 16-QAM, better BLER performances can be achieved by firstly improving the SNR through symbol level combining and secondly demodulating the combined repetitions as illustrated in Figure 3.


[bookmark: _Ref481587500]Figure 3: Symbol scrambling (post-modulation Scrambling)
Additionally, the proposed scheme reduces the complexity of the receiver by applying the demodulation only once on the combined symbol stream. Figure 4 illustrates the results of simulation conducted for STATIC channel, 1Tx by 2Rx, turbo code, Packet of 32 Bytes, 4 repetitions each with a rate 1/3 (aggregate coding rate 1/12).
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[bookmark: _Ref481587948][bookmark: _GoBack]Figure 4: Bit vs symbol scrambling BLER
Performance results show that for the 4-QAM case there is no difference between using Bit or Symbol scrambling, however for the case of 16-QAM Symbol Scrambling has 1.3dB advantage over Bit Scrambling @ BLER = 10-3.
 Observation 2: Symbol Scrambling has performance advantage over Bit Scrambling for higher order modulation 
Proposal 2: Use of post-modulation Scrambling for UL GF transmissions

Scrambling Design for Different Modulations
When QPSK or higher order modulation is used, the proposal for the scrambling sequence is a rotated 4-QAM. The sequence randomizes the modulated symbols via two pseudo random sequences cI(k) and cQ(k) with π/4 rotation included to guarantee that no rotation of the constellation axis occurs. The proposed uplink scrambling block diagram is illustrated in Figure 5. 


[bookmark: _Ref498460295]Figure 5: Symbol Scrambling for QPSK and higher order QAM Modulated Symbols
When PI/2 BPSK constellation is used, the 4-QAM constellation scrambling cannot be used and we propose to use a BPSK scrambling c(k) in order to maintain a low PAPR when DFT-s-FDMA is used. Consequently, the proposed uplink scrambling block diagram is illustrated in Figure 6 where c(k) can reuse the pseudo random generator specified for LTE [5] section 7.2.


[bookmark: _Ref497901967]Figure 6: Symbol Scrambling for BPSK Modulated Symbols
Proposal 3: Re-use the LTE pseudo-random sequence generator as baseline for scrambling the BPSK and QPSK modulated symbols 
Conclusion
In this contribution, we provided an evaluation and an analysis of use of scrambling for Grant-free UL URLLC transmission, and proposed scrambling sequences for BPSK and QPSK modulations. The following observations and proposals are given for consideration:
Observation 1: Use of scrambling mitigates interference and GF UL collisions impact
Observation 2: Symbol Scrambling has performance advantage over Bit Scrambling for higher order modulation 
Proposal 1: Support of UE specific scrambling for UL GF transmission
Proposal 2: Use of post-modulation Scrambling for UL GF transmissions 
Proposal 3: Re-use the LTE pseudo-random sequence generator as baseline for scrambling the BPSK and QPSK modulated symbols 
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