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1 Introduction
In the RAN1 NR AdHoc #3 meeting, the following agreement for LDPC codes was reached [1]:
Agreement: (as a good compromise considering self-decodability, performance and complexity)
· When LBRM is not applied, fix RVs {0,1,2,3} at {0,17,33,56} x Z for BG1 and {0,13,25,43} x Z for BG2


Default RV order for any special cases where RV index is not explicitly signalled but there is no ambiguity about which instance of a transmission occurred:
· Evaluate at least {0,2,3,1} and {0,3,2,1} until RAN1#90bis. 
· Take final decision at RAN1#90bis.

In this contribution, we consider the default RV order for special cases where RV index is not explicitly signaled.
2 [bookmark: _Ref178064866]Performance for Different RV Orders
We have considered the performance of the NR LDPC codes for base graph #1 and base graph #2, defined in [3], for different RV orders. Simulations are performed for QPSK, using the sum-product algorithm and a maximum of 50 decoding iterations.
2.1 Base graph #1
It was agreed in the RAN1 NR AdHoc #3 meeting that RVs {0,1,2,3} are fixed at {0,17,33,56} x Z for BG1, as described in Figure 1. For base graph #1, there are in total 66·Z bits written into the circular buffer when excluding the 2·Z punctured systematic bits. In the following, the factor Z is often left out for simplicity, i.e “Starting position = 33” corresponds to position 33·Z in the circular buffer.
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[bookmark: _Ref492230851]Figure 1: Circular buffer for base graph #1.
In this contribution, we evaluate the performance for different RV orders for second, third and fourth transmission. The performance after two transmissions, where the second transmission contains as many bits as the first transmission but starts at another starting position in the circular buffer, is shown in Figure 2 for K=1056 using base graph #1. The starting position of the first transmission is always in the beginning of the circular buffer, i.e. RV0 is used. The figure shows the performance in terms of required SNR to reach a BLER of . On the x-axis, the code rate of the initial transmission is shown.
For base graph #1, all bits that are written into the circular buffer are transmitted when the code rate of the initial transmission is 1/3. In this case, the starting position of the RV used for the second transmission has no impact, since all bits from the circular buffer are repeated, i.e. transmitted twice. 
From Figure 2 we observe that RV order [0, 2] gives the best performance among all possible RV orders, independent of the code rate of the initial transmission. Results for K=4224 shown in Figure 8 in the appendix show the same behavior.
[image: ]
[bookmark: _Ref492819851]Figure 2: Performance after second transmission. K = 1056.
With the RV order for the first and second transmission given, we can evaluate the performance for the different RVs that may be used for the third transmission in the same way. Each transmission in this evaluation contains as many bits as the first transmission. In the following we assume that RV0 is used for the first transmission and that RV2 is used for the second transmission.
The performance for K=1056 after the third transmission is shown in Figure 3. Except for an initial code rate close to rate 2/3, it is best to use RV3 for the third transmission. The performance for K=4224 after the third transmission is shown in Figure 9 found in the appendix. The behavior for this block length is the same as what was observed for K=1056, i.e. it is best to use RV3 for the third transmission.
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[bookmark: _Ref492825241]Figure 3: Performance after third transmission. K = 1056.
We continue by evaluating the performance for different RV orders for the fourth transmission. Each transmission in this evaluation contains as many bits as the first transmission. In the evaluation of the performance after four transmissions we assume that the first transmission uses RV0, the second transmission uses RV2 and the third transmission uses RV3.
The performance for K=1056 after the fourth transmission is shown in Figure 4. It is clear from the results that RV order [0, 2, 3, 2] gives the best performance for the whole range of initial code rates. The performance for K=4224, shown in Figure 10 in the appendix, again shows the same behavior as for K=1056 and confirms that the RV order [0, 2, 3, 2] should be selected.
Observation 1 For base graph #1, the RV order [0, 2, 3, 2] gives the best performance for QPSK transmissions when all transmissions contain the same number of bits.
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[bookmark: _Ref492834899]Figure 4: Performance after fourth transmission. K = 1056.
There are several cases where RV may not be signaled explicitly, for example uplink transmissions without grant, SIB transmission and semi-persistent scheduling of both UL and DL. For such cases an implicit RV order must be defined. Our results show that a suitable RV order for base graph #1 is to use RV0 for the first transmission, RV2 for the second transmission, RV3 for the third transmission and finally RV2 again for the fourth transmission. Remember though that these results are found under the assumption that all transmissions contain the same number of bits. If the transmissions do not contain around the same number of bits, it is likely that another RV order gives better performance. Thus the suitable RV order described above can preferably be used when RV is not explicitly signaled or when the transmissions have equal size.
Based on the above observations and results, we have the following proposal:
1. If the redundancy version for base graph #1 is not explicitly signaled, the RV order is [0, 2, 3, 2], i.e. RV0 is used for the first transmission, RV2 for the second transmission, RV3 for the third transmission and finally RV2 again for the fourth transmission.
2.2 Base graph #2
For base graph #2, RVs {0,1,2,3} are fixed at {0,13,25,43} x Z. In the same way as for base graph #1 we select the best RV for each transmission in sequence. Figure 5 shows the performance for K=720 after the second transmission. The read-out of the first transmission starts in the beginning of the circular buffer (RV0), while the read-out of the second transmission starts at the starting position specified by the tested RV. As can be seen in Figure 5, using RV2 for the second transmission gives the best performance for the whole range of initial code rates. Results for K=2560 are shown in Figure 11 in the appendix. These results confirm that RV2 is a good choice for the second transmission when using base graph #2.
[bookmark: _GoBack][image: ]
[bookmark: _Ref492837275]Figure 5: Performance after second transmission. K = 720.
In the evaluation of the best starting position to use for the third transmission, we assume that the first transmission uses RV0 and that the second transmission uses RV2. Figure 6 shows the performance for K=720 after the third transmission. Similar results for K=2560 are shown in Figure 12 in the appendix. The results show that using RV3 for the third transmission gives the best performance for initial code rates below a code rate of approximately 0.53, while it is better to use RV1 for higher code rates. However, RV3 outperforms RV1 for a larger range of initial code rates and we therefore suggest that RV3 is used for the third transmission in cases where the RV is not explicitly signaled.
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[bookmark: _Ref492838813]Figure 6: Performance after third transmission. K = 720.
Similarly, for the fourth transmission we assume that the first transmission uses RV0, the second transmission uses RV2 and the third transmission uses RV3. The performance for K=720 after the fourth transmission is shown in Figure 7. Under the assumption that RV3 is used for the third transmission, RV1 is clearly the best choice for the fourth transmission, independent of initial code rate. The results for K=2560 shown in Figure 13 in the appendix confirm that RV1 is the best choice for the fourth transmission when RV3 is used for the third transmission.
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[bookmark: _Ref492842903]Figure 7: Performance after fourth transmission. K = 720. RV3 is used for the third transmission.
Since it was observed in Figure 6 that both RV3 and RV1 were good choices for the third transmission, we also consider the performance after the fourth transmission under the assumption that RV1 was used for the third transmission, see Figure 8. From these results it is clear that RV3 should be used for the fourth transmission if RV1 is used for the third transmission.
Observation 2 For base graph #2, the RV orders [0, 2, 3, 1] and [0, 2, 1, 3] give almost the same performance for QPSK. RV order [0, 2, 3, 1] gives better performance for medium code rates after the third transmission while RV order [0, 2, 1, 3] gives better performance for high code rates after the third transmission.
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[bookmark: _Ref494368762]Figure 8: Performance after fourth transmission. K = 720. RV1 is used for the third transmission.
1. If the redundancy version for base graph #2 is not explicitly signaled, the RV order is [0, 2, 3, 1].
3 Conclusions
In this contribution we made the following observations:
Observation 1 For base graph #1, the RV order [0, 2, 3, 2] gives the best performance for QPSK when all transmissions contain the same number of bits.
Observation 2 For base graph #2, the RV orders [0, 2, 3, 1] and [0, 2, 1, 3] give almost the same performance for QPSK. RV order [0, 2, 3, 1] gives better performance for medium code rates after the third transmission while RV order [0, 2, 1, 3] gives better performance for high code rates after the third transmission.
Based on the discussion in this contribution we propose the following:
1. If the redundancy version for base graph #1 is not explicitly signaled, the RV order is [0, 2, 3, 2], i.e. RV0 is used for the first transmission, RV2 for the second transmission, RV3 for the third transmission and finally RV2 again for the fourth transmission.
1. If the redundancy version for base graph #2 is not explicitly signaled, the RV order is [0, 2, 3, 1].
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5 Appendix
5.1 Base graph #1
[image: ]
[bookmark: _Ref492834538]Figure 9: Performance after second transmission. K = 4224.
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[bookmark: _Ref492831402]Figure 10: Performance after third transmission. K = 4224.
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[bookmark: _Ref492831404]Figure 11: Performance after fourth transmission. K = 4224.
5.2 Base graph #2
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[bookmark: _Ref492837726]Figure 12: Performance after second transmission. K=2560.
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[bookmark: _Ref492838820]Figure 13: Performance after third transmission. K = 2560.
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[bookmark: _Ref492838822]Figure 14: Performance after fourth transmission. K = 2560. RV3 is used for the third transmission.
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Figure 15: Performance after fourth transmission. K = 2560. RV1 is used for the third transmission.
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