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1 Introduction
In RAN1AH#1-1801 meeting [1], agreements on thresholds of time and frequency density for PTRS were achieved as follows:
Agreement:
Value range for MCS thresholds (for time density) are 0-28 for MCS table 1 and 0-27 for MCS table 2
· The above applies for CP-OFDM only
Note: the above agreement should be part of LS to RAN2
Note: Above agreement has been revised below
Agreement:
Revise the above agreement to: Value range for MCS thresholds (for time density) are 0-29 for MCS table 1 and 0-28 for MCS table 2
Agreement:
Value range for Scheduled BW thresholds (for frequency density for CP-OFDM and sample density for DFTS-OFDM) is between minimum value of 1 and maximum value of 276
FFS: Compression method for reducing the RRC overhead
Note: the above agreement should be part of LS to RAN2
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2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
It was agreed that the range of scheduled BW thresholds is between 1 and 276, the signaling overhead is too large. The overhead will be even worse especially for sample density of DFT-s-OFDM, as there are 4 threshold values should be configured. In last meeting, the overhead reduction was hotly discussed, and different alternatives were listed as a starting point. 
Possible solutions for compression of the Q RRC signalled thresholds Tq , q=1,..,Q
· Alt.1 Uniform sampling grid Tq →{ 1:n:276}, n needs to be defined, e.g. related to RBG 
· Alt.2 Non-uniform sampling grid, i.e. Tq →{ 2^n, n=0..9}
· Alt.3 Non-uniform sampling grid, i.e.,  Tq →{ n^2 where n=1..17}
· Alt.4 Lossless compression, using combinatorial index (i.e. as in LTE EPDCCH set configuration method) to jointly encode  Tq →{1:276}  
· Other methods not precluded
As the number of RBs increasing, the frequency density of PTRS decreases. Normally, for large number of scheduled RBs, the most probable frequency density is 1/4 or 0. And when the scheduled number of RBs is large, with different number of RBs, there is almost no impact on frequency density. While for small number of RBs, the frequency density may change more frequently with different channel characteristics. So non-uniform sample grid for thresholds is preferred. There are two alternatives discussed in last meeting, we prefer Alt.2 for more overhead reduction.
With Alt.2, Tq can be {1, 2, 4, 8, 16, 32, 64, 128, 256, 512} with n = 0..9. the range of scheduled RBs is {1,2,… 276}. As the last value 512 always exceed the maximum scheduled RBs and 256 is close to the maximum number 276, there is no need to configure different values for that, so at least the last value 512 for Tq is not needed, we can use n=0..8 with the last value changed from 256 to 276. In addition, for small number of RBs, there is no need to introduce PTRS, as even with density 1/2, the number of samples is too less for estimation. We can further remove some small values for the threshold, for example, there is no need of threshold value 1 or 2. With the further reduction, 3 bits are enough for the threshold configuration. So we propose that:
Proposal 1: Non-uniform sample grid should be supported for thresholds of frequency density, and we prefer Tq →{ 2^n, n=0..9}. In addition, some values (e.g. 1, 2, 512) can be removed for further overhead reduction.
Furthermore, based on the frequency density table, the threshold NRB0 is rarely configured with large value, and the threshold NRB1 is rarely configured with too small value. Then the range of values for threshold NRB0 and NRB1 can be different. For example, NRB0 can be {1, 2, 4, 8, 16, 32, 64}, and NRB1 can be {1, 16, 32, 64, 128, 276}. Jointly encoded NRB0 and NRB1 can further reduce the overhead.
And for different bandwidth, the maximum number of RBs is different, we do not need to cover 1-276 all the time. The range of threshold for frequency density can be variable with different bandwidth configurations.
Similarly, for time density threshold MCS, only some values selected from the range {0-29} or {0-28} are enough. As QPSK is more tolerant to phase noise, there may be no need to cover QPSK for the thresholds. Or at least not all MCS indices for QPSK are needed to be included in the range of thresholds.
Based on the discussion, we propose that:
Proposal 2: Different range of values can be applied for different thresholds, and different maximum number can be considered. In addition, the range of thresholds for time density can also be reduced, for example at least no need to cover all MCS indices for QPSK.
3 Conclusion
In this contribution, we provided our views on some remaining issues of threshold configurations for PTRS, and we proposed that:
Proposal 1: Non-uniform sample grid should be supported for thresholds of frequency density, and we prefer Tq →{ 2^n, n=0..9}. In addition, some values (e.g. 1, 2, 512) can be removed for further overhead reduction.
Proposal 2: Different range of values can be applied for different thresholds, and different maximum number can be considered. In addition, the range of thresholds for time density can also be reduced, for example at least no need to cover all MCS indices for QPSK.
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