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Introduction
In the context of seamless state transition from URA_PCH to CELL_FACH, the number of practically useable H-RNTIs was discussed at RAN2#89bis. In [1], it is mentioned that at most 2000 H-RNTIs can be allocated per cell with low probability of false detection. A reference to the source of the number 2000 is provided in a paper from 2008 [2]. However, it is a bit unclear where the number 2000 comes from in reference [2]. 
In this contribution we analyze the maximum number of useable H-RNTI, and provide reasoning why the ~2000 H-RNTI limit previously assumed is incorrect.
Source of the ~2000 H-RNTI number
[bookmark: _GoBack]We have tried to find the source to the given statement “In total ~2000 H-RNTIs can be allocated per cell with low probability of false detection.” [2]. The best we could find was a paper from 2003 discussing the HS-SCCH misdetection performance and potential need for including a UE identity also in the HS-DSCH [3]. In this paper it is stated that 
“Obviously, if the number of bit positions where the UE-Ids differ from each other (i.e. the distance between two UE-Ids) is small, the likelihood that these differences are cancelled out by transmission errors may become relatively large. It is therefore important to choose the UE-Ids such that the minimum distance within the set of employed UE-Ids is as large as possible. For instance one could choose to employ only those UE-Ids which form the set of (16, 11) -extended Hamming codes with a minimum distance of dmin = 4, which has a size of 211 = 2048 sequences.”
However, we now have reason to believe that this conclusion is slightly flawed, as we will explain in the following.
HS-SCCH coding and detection
The processing of HS-SCCH is illustrated in Figure 1 [3][4]. In each 2 ms time interval, the HS-SCCH carries two information parts, part 1 and part 2, which can be represented by two code words u1 and u2 with 8 and 13 bits of information respectively. From both parts, a 16-bit CRC information field u3 is generated.
As shown in Figure 1, u1 is encoded separately from u2 and u3, while the encoding of u2 and u3 is somewhat dependent on u1, since the u1 bits are input to the generation of u3. In the transmitter the CRC field u3 is scrambled with the 16-bits H-RNTI prior to convolutional encoding. In addition, after convolutional encoding of u1 the encoded 40-bit information field is scrambled with an encoded version of the H-RNTI.
After coding, rate matching and scrambling, part1 (u1) and part2 (u2/u3) are transmitted in a time division multiplex fashion on the HS-SCCH.
The two HS-SCCH parts can be decoded one after another in the receiver. In the first receiver processing step, the HS-SCCH information part 1 is retrieved. The scrambling can be removed prior to decoding provided that the correct H-RNTI is employed. If an incorrect H-RNTI is employed, the Viterbi decoder will typically produce only very unreliable soft-output decoding information.
If the first step is passed, the HS-SCCH information part 2 is decoded and CRC evaluation (parity check) is performed. Prior to the parity check, the UE scrambles the CRC field with its own H-RNTI.  If the H-RNTIs applied in transmitter and receiver match each other, the CRC scrambling is removed entirely. If the H-RNTIs applied in transmitter and receiver do not match, there are bit inversions introduced into the CRC field, with the intention that these are detected in the parity check procedure. This way, a UE shall detect if it is the intended receiver of the decoded HS-SCCH information, or if either it is not the intended receiver or there are errors in the decoded HS-SCCH information due to channel conditions.


Figure 1:	 HS-SCCH transmission and reception chain
Shortcomings of the previous study
According to [3], the Hamming distance (i.e. number of bit positions with differing values) between different used H-RNTIs matters for the false detection probability, and this is what leads to the recommendation of using only a subset of all the 216 H-RNTI values. The reasoning is that, on the u3-branch, with smaller difference between the Tx and Rx H-RNTIs then fewer transmission errors are needed to flip the differing bits back, which would make the transmission error undetectable.
However, what [3] does not discuss is the connection between part 1 and part 2. As can be seen from Figure 1, not only does the final parity check consider u2/u3, it also considers u1. Also, more importantly, since u1 is included in the parity check, also any differences in the Tx and Rx H-RNTIs on the u1-branch will impact the parity check. The Hamming distances of the CC ½ coded and rate matched 40 bit code words created from H-RNTI are 8 or better [5], and the relation between Hamming distance of the H-RNTI and the Hamming distance of the coded and rate matched code word is not straightforward. When a false detection occurs the Tx and Rx H-RNTIs will differ, making the last 16 bits in the parity check messed up. Hence, to still pass the parity check likely one needs to have “compensating” errors in either the decoded u1 or u2 bits.
These complicated connections between the different parts of the signal flow make theoretical analysis tricky. Even if transmission errors on the u3 branch would flip the bits so that the Tx/Rx H-RNTI mismatch would go undetected, the parity check may anyway result in a CRC error, which would lead to the UE discarding the decoded HS-SCCH result and therefore no false detection occurs.
In short, based only on theoretical reasoning it seems impossible to draw the conclusion that false detection performance would be strongly dependent on the Hamming distance of the H-RNTIs. Hence, simulation evaluation is required.
Simulation results
Simulations have been performed to check if the Hamming distance between H-RNTIs matters for the false detection probability.
The full HS-SCCH part 1 and 2 coding/decoding chains were implemented in the simulator, and the detection performance was studied over an AWGN channel where the SNR was varied. The part 1 detection was designed to always result in a detected 8-bit u1 message, which is a simplification since a real receiver would apply a threshold before accepting the part 1 decoding result and proceeding with part 2 decoding. Following the part 1 detection, part 2 is decoded and CRC parity check is performed. The result of the CRC check is then logged and statistics of the probability of a passed parity check is calculated.
Simulations were performed where the Tx and Rx H-RNTIs were the same, and when the Hamming distance between the Tx and Rx H-RNTI was 1 or 4 (i.e. the H-RNTIs differed in 1 or 4 bits out of the 16 bits). For each TTI, a Tx H-RNTI was randomly drawn and an Rx H-RNTI was randomly selected with the required Hamming distance to the Tx H-RNTI. For each TTI, the HS-SCCH u1 and u2 messages were also randomly generated. 150000 TTIs were simulated for each SNR point.
The results can be found in Figure 2.

[image: ]
Figure 2: Simulation results, Tx/Rx H-RNTIs the same or differing in 1 or 4 bits. 
Blue dash-dotted = P(CRC OK), black solid = P(block error in part 1 bits), red dotted = P(block error in part 1+2 bits).
The blue curves show the probability of a passed CRC parity check, taking both part 1 and 2 into account. As can be seen the probability for a passed parity check when the Tx and Rx H-RNTIs differ is very low (even zero due to zero error events during the entire simulation run), for all SNRs, and the Hamming distance between H-RNTIs does not matter. It should be noted that the probability of random bit errors leading to passed CRC is in the order of 2-16 ~= 1.5E-5, which is close to the simulated performance. Hence, the probability seems to be only dependent on the CRC length and not at all on the Hamming distance.
For reference, the black curves show the probability of a block error of the part 1 bits, i.e. the probability that at least one of the part 1 bits are decoded incorrectly. The red curves show the corresponding probability of block error when all bits in part 1 and part 2 are considered.
Hence, we conclude that the simulation results show that the HS-SCCH false detection performance does not depend on how many bit positions the Tx/Rx H-RNTI differ in. It should therefore be possible to use all the 216 H-RNTI values and not limit the use to ~2000 values.
It should be noted that the absolute false detection probability with a real HS-SCCH detector will be even lower than what is presented in Figure 2. The reason is that the threshold detection of part 1 will in most false detection cases fail, which means that the UE will not even attempt to decode part 2. A detector threshold will also make sure that the probability of HS-SCCH detection with block errors is reduced.
Finally, even if a false HS-SCCH detection would occur, it is very unlikely that the HS-DSCH 24 bit CRC parity check will be passed. This is because it is likely that the received HS-SCCH bits differs from the transmitted ones, which leads to incorrect assumptions on which HS-PDSCH codes, modulation ,TBS and redundancy version to use for the decoding, all of which leads to catastrophic decoding errors (which would only lead to a passed CRC parity check with a probability of approximately 2-24 ~= 6E-8). Hence, the decoded data will not be passed to higher layers. The received data could potentially corrupt a soft combining operation, which means that the MAC-(e)hs HARQ operation will fail for a particular process, with nothing more dramatic than an RLC retransmission as result.
[bookmark: _In-sequence_SDU_delivery]Conclusion
The number of maximum useable H-RNTIs to provide low false detection probability has been investigated. It has been shown by simulation that the previously assumed limit of ~2000 H-RNTIs is incorrect. Instead, it is shown that all the 216 H-RNTI values can be used while still guaranteeing good false detection performance. 
Proposal: In further discussions involving the number of useable H-RNTIs, it should be assumed that all 216 H-RNTIs can be used with good false detection performance.
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