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1. Introduction
PDCCH can be constructed from 1, 2, 3, 4, or 8 CCEs. The lowest index (first) CCE of a PDCCH used for scheduling assignments (DCI Format 1A, 1, 2) implicitly points to the corresponding ACK/NACK (A/N) channel.  However, it is possible a PDCCH hypothesis with fewer or greater CCEs may be detected instead of and/or in addition to the transmitted PDCCH.  Hence, it is proposed to scramble each PDCCH with a different scrambling sequence so that the correct number of CCEs is required to successfully decode the PDCCH and so that the CCE based implicit A/N pointing is reliable.  

2. CCE based implicit ACK/NACK pointing and reliability
Figures 1 below illustrates the mapping of the lowest index CCE of each PDCCH candidate to an A/N in the PUCCH A/N resource.  If the scheduler transmits PDCCH candidate 15 with 4 CCEs to a UE for scheduling an associated PDSCH transmission then A/N #1 is used by the UE to transmit an ACK or NACK  depending on whether the transmission was successfully decoded or not.  However, it is possible that the UE can decode PDCCH candidate 15 with fewer or  more than 4 CCEs in which case detection of PDCCH candidates 1, 2, 3, 4, 9, 10, 13, 14 or 17 could be detected (CRC may pass) and then it is possible a different A/N would be used (e.g. #2, #3, or #4) instead of A/N #1.  If this occurs then an A/N collision between UE transmissions is likely and the eNB would, say, interpret DTX on A/N #1 as an NACK. Based on link simulations the probability of mis-identifying the last CCE can be significant, indicating some approach is needed to improve PDCCH CCE detection reliability.
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Figure 1 - PDCCH CCE based implicit pointing to A/N.  Lowest Index CCE of PDCCH is pointer.

3. CCE Scrambling
In this approach, the final format of the transmitted PDCCH codeword, and specifically the PDCCH scrambling sequence, is made PDCCH index specific, or (see Figure 1) A/N resource index specific. For example, the scrambling sequence is adjusted in phase so that the 1st element of the scrambling sequence is aligned with the first (lowest index) CCE of the PDCCH (i.e. is generated in accordance with the A/N resource index), with the remainder of the scrambling sequence applied sequentially to the set of CCEs comprising the PDCCH.

This approach of PDCCH or A/N-specific signaling has the advantages that:

1. each UE in the cell observing PDCCH transmissions is aware of the scrambling sequence applied to all PDCCH’s. This can be useful in reducing receiver complexity. Note that this is not the case with UE-specific scrambling
.

2. the dependency of the scrambling sequence on the PDCCH index or A/N resource index significantly reduces the probability of incorrectly identifying the index of the first (lowest entry) CCE comprising the PDCCH, and correspondingly of misidentifying the associated A/N resource 

By applying a PDCCH index, or A/N resource index specific scrambling sequence to each CCE the probability of correctly computing the PDCCH CRC while detecting the wrong PDCCH starting CCE (i.e. incorrect PDCCH index) is significantly reduced.

Note that rendering the scrambling sequences to be PDCCH index or A/N resource index specific does not preclude eNB-specific scrambling. Rather, the PDCCH index or A/N resource index specific sequences would be generated in a fashion that would include the shared UE/eNB serving cell physical cell ID.

4. Blind Decoding Ambiguity
The problem of false ACK/NACK detection is critical when a coding rate of exactly 1/3 is achieved over 1, 2 or 4 CCEs.  In such cases, multiple blind decoding hypothesizes can result in the passing of the CRC check leading to an ambiguity in the location for the uplink ACK/NACK. Figure 2 shows FER and the probability of detecting a false ACK/NACK index given the correct decoding of the PDCCH. The desired PDCCH codeword was encoded over 2 CCEs resulting in a coding rate of 1/3. As shown, the likelihood of false ACK/NACK index detection exceeds 10% probability over the range of investigated Es/No. Although only one example is shown in Figure 2, it cannot be guaranteed that after all the PDCCH format sizes are picked and given all the 104 possible bandwidths that at least one of the PDCCH formats will not have the false ACK/NACK detection problem.

5. Conclusions

To improve the reliability of CCE based implicit pointing (i.e. A/N resource identification) it is proposed that per-CCE (PDCCH index or A/N resource index specific) scrambling be employed to ensure the maximum number of CCEs (the number of CCEs the eNB used when transmitting the PDCCH) are processed to successfully detect the associated PDCCH.  Otherwise A/N collisions could occur along with DTX on the expected A/N channel.  Although only code rate 1/3 can cause the false ACK/NACK detection problem there is no guarantee that after all the PDCCH format sizes are picked and given all the 104 possible bandwidths that one of the corresponding PDCCH will have the error prone code rate.
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Figure 2 – PDCCH FER and False ACK/NACK Detection for 48-bit PDCCH – 2CCE (Rate 1/3)
























































































































































































































































































































































































� A UE would be able to implement correlative tests to reject each hypothesis if no UE-specific scrambling [3].  Not all implementations need do this, of course.






