
3GPP TSG RAN WG1 #65
        

              R1-111453
Barcelona, Spain, May 9 – 13, 2011
Agenda item:
6.2.1
Source: 
Samsung 

Title: 



    Aperiodic CSI Report Size Ambiguity
Document for:
Discussion and Decision
1 Introduction

One remaining issue regarding aperiodic CSI (A-CSI) reporting in the PUSCH is about the potential misunderstanding between the UE and the eNodeB of the A-CSI report size [1]. This misunderstanding occurs due to MAC-level activation/deactivation of Scells (UE does not report CSI for deactivated Scells) and can be attributed to two reasons:
a) PDCCH or PDSCH errors: The UE misses the PDCCH scheduling the PDSCH activating/deactivating Scells or incorrectly decodes that PDSCH but the eNodeB also incorrectly decodes the respective HARQ-ACK feedback thereby misinterpreting the NACK/DTX as ACK.

b) The UE, using the implicit deactivation timer (with initial value determined by RRC), deactivates a Scell because it missed a PDCCH that would have reset the timer. 
a. The UE may also incorrectly reset the deactivation timer due to PDCCH detection resulting from a false CRC check but the probability of this error event is much lower than for other error events.
There are several possible remedies to the potential misunderstanding between the UE and the eNodeB of the A-CSI contents/size with the two primary ones being: 
a) Implementation-based: This includes multiple blind decoding operations (BDOs) at the eNodeB to determine the A-CSI payload (using the associated CRC of the A-CSI report) and setting the implicit deactivation timer to a sufficiently large value. 
b) Reporting A-CSI for the configured (not for the activated) Scells: This directly solves any problems with MAC-based activation/deactivation of Scells. An additional reasoning has been that this is also the case for HARQ-ACK reporting for similar reasons. However, there are some key differences between A-CSI and HARQ-ACK reporting as it will be subsequently discussed.
This contribution considers in more detail the above two alternatives.

2 Resolving A-CSI Report Size Ambiguity
The first error case corresponds to the UE incorrectly decoding the PDCCH/PDSCH activating/deactivating Scells and the eNodeB incorrectly decoding the respective HARQ-ACK response as ACK instead of NACK/DTX. The consequences of these errors are the incorrect A-CSI reception (CRC check failure) and, more seriously, the HARQ buffer corruption for the data. As the probability of PDCCH miss is typically an order of magnitude smaller than the probability of incorrect PDSCH reception, 
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The first two terms represent the conventional probability of HARQ buffer corruption and they are equivalent to an incorrect PUSCH detection followed by a NACK/DTX-to-ACK error on the PHICH. The third term conditions the error event on having Scell activation/deactivation in the respective DL sub-frame. The fourth term conditions the error event on having A-CSI report prior to periodic CSI (P-CSI) report (on PUCCH) for any activated/de-activated Scell (otherwise, based on the P-CSI signal in the PUCCH, the eNodeB can determine whether the UE activated/deactivated the respective cell). The last two terms result to a substantially smaller probability for HARQ buffer corruption than for the “conventional” system operation. Similarly, the “conventional” A-CSI report BLER is much larger than the A-CSI BLER that occurs due to the PDCCH/PDSCH and NACK/DTX-to-ACK errors. 
Based on the above analysis, there seems to be no need for any particular action to address the first error case. It should also be noted that the HARQ buffer corruption may also be overcome by subsequent retransmissions (e.g. PUSCH DTX detection is not a requirement in Rel.8). Nevertheless, several simple implementation-based approaches, and their combinations, exist for the eNodeB to avoid the first error case and they include: 
a) Multiple BDOs: By testing the CRC for the possible different A-CSI sizes, the eNodeB can determine the correct one. The trade-off is obviously the associated eNodeB complexity. However, this complexity is rather trivial as:

a. The number of UEs with activation/deactivation of Scells at any given DL sub-frame is small. 
b. Provisioning for only 2 BDOs per UE is sufficient (1 for the error case and 1 for the correct case) and provisioning at the eNodeB a single digit for the total number of BDOs is sufficient while practically avoiding any constraints for activation/deactivation of Scells.
c. Consequently, the total number of BDOs at the eNodeB is much smaller than the one a UE needs to perform even for single-cell Rel.8/9 operation. The UE complexity for these BDOs is not an issue. 
b) Use of PUCCH: After a Scell is activated (or deactivated), the eNodeB may wait for the respective P-CSI report in the PUCCH first before scheduling an A-CSI report in the PUSCH. Detection of absence (or existence) of the P-CSI report informs the eNodeB whether the UE activated (or deactivated) the Scell. The eNodeB may still request A-CSI reports for Scells that were not involved in the last activation/deactivation. 
c) Reduce the probability of NACK/DTX-to-ACK error for Scell Activation/Deactivation: This can be done by using the TPC command to transmit the HARQ-ACK signal with a higher power than necessary in the event it is associated with a PDSCH activating/deactivating Scells and/or by biasing the decision threshold in favor of NACK/DTX. Clearly, these are rather rare actions that aim to further reduce the probability of the first error event and will not have any practical impact on the overall system operation. 
d) Grouping DL cell activation/deactivation: For Scell deactivation, the eNodeB can simply request A-CSI reports that do not include inactivated Scells. This implies that the eNodeB activates/deactivates Scells with a particular order but this is not an issue as for CA all Scells are equivalent. For example, if a UE is configured 5 cells, the two RRC-configurable CSI request states may correspond to all 5 cells and to 3 cells. The eNodeB can then deactivate the 2 Scells that do not belong in the set of 3 cells and can deactivate all 4 Scells without any restrictions or problems in the A-CSI reporting. A similar functionality can be applied for Scell activation with the eNodeB first obtaining the P-CSI of activated cells (thereby verifying whether the UE activated the Scells).   
The previous observations and implementation aspects can also apply for resolving the second error case which is effectively a special case of the first one (the UE misses PDCCHs and the timer expires before the eNodeB identifies the respective DTX for the HARQ-ACK feedback). This error case can be additionally addressed by setting the deactivation timer to a relatively large value. Since a UE receiving an activation/deactivation command in sub-frame n is expected to apply CSI measurements at sub-frame n+8, A-CSI reporting will be unavailable at the eNodeB for an additional time period, such as for example 4 msec. Therefore, as also observed in [2], the deactivation timer should be set to a relatively large value, such as 120 msec, in order for the period of unavailable CSI to be a small fraction of the deactivation timer so that the eNodeB can send PDCCH(s) before the timer expires. Then, a missed PDCCH that would otherwise reset the deactivation timer can be retransmitted by the eNodeB in a subsequent sub-frame well before the deactivation timer expires. 
Based on the previous analysis, it is not necessary for the A-CSI report size to correspond to the number of configured cells and therefore for the PUSCH to incur unnecessary A-CSI overhead which can frequently be significant (e.g. a typical operation with CA will be for the eNodeB to switch a UE between multiple activated cells and only the Pcell). The error case of A-CSI report size mismatch at the eNodeB resulting from incorrect PDCCH/PDSCH reception followed by a respective NACK/DTX-to-ACK error is less likely than the same error event during “conventional” operation (no Scell activation/deactivation). Moreover, simple implementation methods exist to further suppress or avoid any error event.

Finally, although the HARQ-ACK feedback is based on the number of configured cells, the relative overhead in the PUSCH (compared to the case it was based on the number of activated cells) is much smaller than the one for the A-CSI (despite the better accuracy requirement for the HARQ-ACK information) as the later is associated with significantly larger payloads. Moreover, this additional HARQ-ACK overhead mainly occurs only in FDD (where the payloads are typically small); for TDD the eNodeB controls this overhead using the UL DAI IE. Furthermore, the impact of error events due to different understanding for the activated cells between the eNodeB and the UE is much more significant in case of the HARQ-ACK while for the A-CSI it can be identified or avoided (e.g. using the CRC and/or the different reporting in the PUSCH and PUCCH). 

3 Conclusions

This contribution considered the A-CSI report size misunderstanding between the UE and eNodeB that may result from MAC-based Scell activation/deactivation. Given that the probability of this error event is smaller than the probability of similar error events having the same impact and that there are several simple implementation-based approaches to satisfactorily resolve it, there is no need to base the A-CSI reporting size on the number of configured cells and therefore there is no need for the PUSCH transmissions to be always incurring a substantial and unnecessary overhead.  
Update for Specifications

The specifications in section 7.2 of [4] should not differentiate between “aperiodic CSI” and “periodic CSI”.
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If the UE is configured with more than one serving cell, it transmits periodic CSI reporting is for all activated serving cells as configured by higher layers.
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