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1. Introduction

This paper deals with multiplexing of UL L1/L2 control signals in the absence and presence of UL data [1, 2]. This is a slightly modified resubmission of [3]. It is well understood that LTE system is a packet based system which operates under strict control of eNode-B. This means that the usage of physical UL/DL resources is signalled from the eNode-B to the UE typically on a TTI per TTI time scale. The signalling is realized by means of DL control channel. This contribution deals with errors caused by the UL/DL resource allocation signalling. The error cases are considered mainly from the UL control signal multiplexing point of view.
2. Possible Error Cases

Working assumption for the UL/DL resource allocation signalling is that UL and DL resource allocation grants are separately encoded. Thereby, the potential signalling errors related to UL/DL resource allocations can be assumed to be uncorrelated. Even in case that UL and DL grant signalling were jointly coded it is possible that ACK/NACK transmission caused by DL grant and UL data allocation caused by UL grant may associate to different TTIs in UL. This is due to the fact that ACK/NACK signalling cannot be transmitted until the corresponding DL data packet has been decoded whereas the UL data can be transmitted immediately once the UL grant has been correctly received.

Potential signalling errors events related to DL resource allocation (from UL point of view) are listed below:

· DL resource allocation fails (no simultaneous UL resource allocation)
· UL resource allocation fails (no simultaneous DL resource allocation)

· UL resource allocation fails, DL resource allocation does not fail

· DL resource allocation fails, UL resource allocation does not fail

· Both UL and DL resource allocation fail

It is assumed that the error rate related to the UL/DL resource allocation signalling is on the order of 1% - 5%. 
It is desirable to identify possible errors related to the UL/DL resource allocation signalling at the eNode-B because then the problems caused by the UL/DL resource allocation failure can be made less severe. However, it is then always possible that
· eNode-B assumes that there was an error in UL/DL resource allocation signalling although the resource allocation was correctly received by the UE (false alarm)

· eNode-B assumes that there was no error in UL/DL resource allocation signalling although the resource allocation was not correctly received by the UE (misdetection).
3. Consequences of Signalling Errors

Potential signaling errors discussed in the previous section have many undesired implications to the system operation. First of all, resource allocation signaling defines whether the ACK/NACK and UL data are present or not (periodic CQI is assumed to be free from signaling errors). Resource allocation signaling also defines which combination of ACK/NACK, CQI and UL data will actually be transmitted in UL. 
It has been agreed that data-non-associated control signals (ACK/NACK and/or CQI) are transmitted on a reserved frequency and time resource (shared control resource) when the UL data is not preset [1]. When the UL data is present, then the possible ACK/NACK and CQI are time multiplexed with UL data (TDM multiplexing) [2]. It has also been agreed that that data-associated signaling can not be used to signal the actual UL transport format (e.g., presence of ACK/NACK). This means the system needs be able to identify the actual control signaling format at least to some extent in order to receive UL data and control signals from the correct resources. This is achieved by the DTX detection of ACK/NACK and UL data. DTX detection can be based on S(I)NR measurement of pilot, data and control signals.  Figure 1 shows the eNode-B procedure related to the question what to receive and from which resource (periodic CQI has been ignored in Figure 1). 
[image: image1.emf][image: image2.emf] 
We will next cover the error situations caused by erroneous DTX detection. When UL data DTX detection fails (see Figure 1)
· Misdetection (UL resource allocation grant fails but eNode-B cannot detect it): (eNode-B tries to decode data and data-non-associated control from dedicated resource). We assume that when the CRC check of UL resource allocation is negative, UE will transmit the possible data-non-associated control signals (ACK/NACK and CQI) using the shared resource. This means that we may not lose the DL control link automatically in case that UL resource allocation fails. 
· False alarm (eNode-B considers that the UL allocation grant has failed although it has been correctly received by the UE ): (UE sends both UL data and data-non-associated control on dedicated resource, but eNode-B fails to detect that) UL data and possible data-non-associated control channels will be lost. 
Both error cases mean that possible control signals are received from wrong place. There is an increased risk that NACK or DTX (due to the failure of simultaneous DL allocation grant) is interpreted as ACK.

When DL resource allocation fails the ACK/NACK implicitly associated with the DL allocation grant is missing from the given UL subframe because the UE has missed the DL allocation and therefore has no reason to include an ACK/NACK. However, the Node B cannot know the ACK/NACK is not present and may therefore interpret the reception incorrectly. Use of DL ACK/NACK DTX detector can be used to solve the problem, i.e., to identify whether the DL ACK/NACK is present or not. However, when ACK/NACK DTX detector fails then it is possible that two types of errors occur:
· Misdetection (DL resource allocation grant fails but eNode-B cannot detect it): (ACK/NAK is not sent) 
· UL data is interpreted as ACK or NACK (UL data sent on dedicated resource)
· CQI  is interpreted as ACK or NACK (UL data and/or CQI sent on dedicated resource)
· DTX is interpreted as ACK or NACK (no UL data)
· False alarm (eNode-B considers that the DL allocation grant has failed although it has been correctly received by the UE): (ACK/NAK DTX detection fails)
· ACK/NACK is interpreted as DTX (data or CQI may be transmitted on the ACK/NACK resource):

· The reception of UL data and/or CQI may also fail. 

As can be seen, error cases related to the UL data and ACK/NACK DTX detector operation may cause rather severe error situations. Interpreting UL data and/or CQI or DTX as ACK/NACK is a severe error situation from DL point of view (esp. when UL data or CQI is interpreted as ACK) since a transmission is erroneously assumed to be OK and higher layers will have to detect this and provide means to recover (significantly slower recovery than L1 recovery and much more overhead). Such error cases should only happen with an extremely low probability, much lower than the above mentioned 1%-5%.  

ARQ will eventually take care of the error case where DTX is interpreted as NACK (when UL resource allocation failure is not detected). However, there may be a more serious issue with HARQ called soft buffer corruption: For HARQ the initial packet is not discarded if it cannot be decoded but the data will be combined with subsequent packets. If the first packed was received (or interpreted) inconsistently, this will harm also the subsequent decoding.

4. How to minimize/avoid the problems caused by error situations
This chapter discusses the methods that could minimize and avoid the problems caused by the DL signalling errors and the corresponding failure situations of DTX detectors.
UL allocation grant failure:

As mentioned, when the CRC check of the UL resource allocation is negative, the UE will transmit the possible data-non-associated control signals using the shared resource. This means that we do not automatically lose the DL control link in case that UL resource allocation fails. Assuming this operation at the UE side, the eNode-B can detect the possible ACK/NACK and CQI from both the shared control and dedicated resources. eNode-B can also try to decode the data and the control even if data DTX detection fails.
The additional reception will improve not only the quality of control signalling but also the UL data DTX detection performance since the output from both shared and dedicated resources can be utilized. This provides two decision variables for UL DTX detector (if the DTX detector is based only on dedicated resource there is just one decision variable). This will significantly decrease the probability of UL Data DTX detection failure. 
DL allocation grant failure:

We propose to include an additional bit into the UL allocation grant (which is sent in DL) to inform whether the corresponding DL allocation grant was transmitted or not. Basically, this bit that is associated with the DL signalling of the UL resources tells the UE whether to reserve resources for ACK/NACK or not. Depending on the MIMO mode, the UL bit fields reserved could span one or more bits/symbols. Now, if the UL allocation table is decoded successfully the UE will automatically reserve a predetermined ACK/NACK field from the UL resource, even if it had missed the corresponding DL allocation table. Once the DL allocation grant has failed (and simultaneous UL grant was successfully decoded) UE can 

· either transmit NACK on the pre-determined ACK/NACK field or

· transmit DTX on the predetermined ACK/NACK resource
The benefit of this arrangement is that we do not need the ACK/NACK DTX detector when UL data is present. It will also automatically avoid the error situation where DTX due to the failure of DL allocation grant (UL data or CQI) is interpreted as ACK. It will further avoid the error situations where the failure of ACK/NACK DTX detector causes some problems for detection of UL data or CQI transmitted with UL data.
UL control signal multiplexing:

Symbol level multiplexing between ACK/NACK and CQI (also with ACK/NACK and UL data) will increase the DTX detection probability in all cases. Furthermore as discussed in [4], the PUCCH case in which the ACK/NACK and CQI from the same UE are multiplexed, DTX information should be included into the RS sequences. This approach would provide improved robustness against DL allocation grant signalling errors since the CQI is will be never interpreted as ACK/NACK [5].

5. Summary
In this contribution we discussed error situations of UL/DL resource allocation signalling and their implications to the UL multiplexing. We noted that that symbol level multiplexing between ACK/NACK, CQI and UL data is preferred from DTX detection performance point of view. It was also suggested
· That eNode-B can detect the possible ACK/NACK and CQI from both the shared control and dedicated resources to minimize/avoid the problems caused by UL allocation grant failure.

· To include additional information field (bit) into the UL allocation grant (which is sent in DL) to inform whether the corresponding DL allocation grant was transmitted or not. Basically, this bit that is associated with the DL signalling of the UL resources tells the UE whether it should reserve a resource for ACK/NACK.
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