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1
Introduction
In this document, we discuss the UE procedure for receiving DL transmissions in LAA. We discuss the assumptions that the UE can make for processing each subframe when searching for a DL transmission, when receiving a transmission burst and when UL transmission is ongoing. We then discuss the impact on UE decoding complexity, power consumption and scalability to a large number of LAA carriers. In this document, we focus on UEs in connected mode. The case of UEs in DRX mode is discussed in a companion contribution [1].
2
UE procedure for receiving DL LAA transmissions
A UE in connected mode is actively receiving data from the eNB on possibly one or more carriers. In this scenario, the UE monitors each unlicensed carrier to detect the start of eNB transmission on that carrier by monitoring the reservation signal. Let us assume, for the purpose of discussion, that UE has to monitor 3 possible partial subframe candidates in every 1ms and that EPDCCH based self-scheduling is used to schedule the PDSCH. 

2.1 
First subframe processing
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A UE which is monitoring the channel, first detects the reservation signal at one of the several valid start positions of a DL transmission burst. The UE can start decoding the EPDCCH to check if it has been scheduled in the first (partial) subframe at the beginning of the DL transmission burst. For the purposes of rate matching for decoding the EPDCCH, the UE needs to know the following information
1. Whether CRS/CSI-RS/CSI-IM are present
2. Whether PSS/SSS are present
If this information is known to the UE apriori, it can perform rate matching correctly to decode the EPDCCH. However, if this information is not known at the UE, then the UE has the following options

1. Blindly detect the presence of CRS/CSI-RS/PSS/SSS in a given subframe and use it for rate matching

2. Try several possible hypothesis for the presence/absence of the reference and synchronization signals

Clearly, we observe that blind detection of signals or trying several hypothesis for EPDCCH decoding is an expensive operation from a UE power consumption and complexity perspective and may not be feasible always (CSI-IM) and hence there is a need for the UE to know apriori the signals present in each subframe.
If PSS/SSS/CRS are present only in predefined subframes and transmitted opportunistically in a DL transmission, their presence can be inferred by knowing the subframe number and using the start position of the data transmission. Similarly, for periodic CSI-RS and CSI-IM signals, if the UE can again infer their presence by configuration and perform CSI measurement based on these reference signals for the purposes of both periodic and aperiodic CSI reporting.
However, if for LAA, aperiodic transmission of CSI-RS and CSI-IM signals is supported, then a UE would have to know the presence of such reference signals apriori using an alternative indication as they cannot be signalled as part of the EPDCCH as knowledge of the location of these signals is needed for EPDCCH rate matching. 
One possible mechanism that could be used for indication of aperiodic CSI transmissions to the UEs is signalling on a common PDCCH on the licensed carrier so that UEs can correctly rate match around these signals for EPDCCH and PDSCH decoding. 
2.2 
Second subframe processing

[image: image2.emf]Possible Start Locations of DL 

transmission burst

What can UE assume ?

1ms

PDSCH

Res

erv

atio

n 

Sign

al

1ms -

Partial  subframe

EPDCCH

Second subframe


The UE cannot automatically assume that an eNB continues its transmission in the next subframe. If the UE is not indicated apriori that the second subframe has a valid DL transmission, then UE needs to determine the validity of the subframe by blindly detecting the presence of valid reference signals. While this may be feasible, in principle, in a subframe which carriers PSS/SSS/CRS/CSI-RS etc. it would not be very feasible or reliable to detect a valid subframe if these signals are not present in a subframe (This is assuming that the reference and synchronization signals are opportunistically transmitted in fixed locations known to the UEs). In addition, such detection would be at the cost of a significant increase in complexity and processing errors due to false alarms (for example corrupted CSI measurements from invalid subframes). 
The UE would also have to detect the subframe configuration (regular or partial) in each subframe as the eNB may use a partial subframe at the end of a DL transmission burst and the UE is not aware of the end of the burst.

In addition, the UE also has to monitor for the presence of reservation signal at each valid partial subframe start position as the eNB might have gone idle and then restarted the channel access procedure. Similar arguments can be made for processing each subsequent subframe until the UE finds the next valid reservation signal. Even when the eNB has suspended DL transmission and a UL burst is ongoing, the UE has to continue searching each subframe as if it were a DL subframe if it is not scheduled on the UL. This results in significant power consumption at the UE which scales linearly by the number of carriers that a UE needs to monitor on the unlicensed spectrum.
When the UE is scheduled on the UL, the UE can suspend EPDCCH search just before its first scheduled subframe and start monitoring for the reservation signal just after its last uplink transmission. However, other UEs may still be transmitting on the UL and UE has monitor the channel for reservation signal even though an uplink burst is ongoing.
2.3 
Proposed solution – Indication of DL-UL configuration at the start of each DL transmission burst
If the DL-UL configuration is indicated at the start of each transmission burst, the UE knows the number of valid DL subframes and the number of UL subframes that it can assume. For the duration of the DL subframes, the UE can assume that all the signals that are to be transmitted are valid and hence can be used for CSI measurement, time and frequency tracking, rate matching for EPDCCH and PDSCH decoding etc. without blindly detecting the presence of such signals in each subframe.
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On the indicated UL subframes, the can go to sleep thus reducing power consumption. Once the indication expires the UE starts monitoring for the reservation signal once again without monitoring the EPDCCH on each subframe. We note again that monitoring the reservation signal is computationally very efficient in comparison to decoding EPDCCH for multiple partial subframe configurations and hypotheses.
Note that the eNB may choose to signal a different DL-UL configuration to the UEs than the one that may be inferred based on the UL grants provided to a certain UE. This is a valid mode for system operation as the DL-UL configuration only indicates the number of valid DL/UL subframes that a UE can assume for processing and monitoring the channel for the next eNB transmission.
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Conclusions 

In this document, we detail the UE procedure for receiving transmission burst. We discuss the assumptions that the UE can make in each subframe and the impact on UE processing and complexity. We then propose to indicate the DL-UL configuration of each burst at the start of the burst to significantly reduce the complexity and provide power savings at the UE.
Proposal

1. Indicate the DL-UL configuration to be used to the UEs at the start of each burst
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