Page 1

3GPP TSG RAN WG1 #83
R1-157044
November 14th – 22th, 2015
Anaheim, USA
Agenda item:
6.2.3.3
Source: 
Qualcomm Incorporated
Title: 
Adaptive frame structure and DL-UL configuration for LAA
Document for:
Discussion and Decision
1
Introduction

In this document, we propose a frame structure for LAA transmissions and describe the procedures at the UE to receive the DL transmissions.
2
Frame structure and UE procedures
2.1
Motivation and Design Considerations

2.1.1
Power efficient scaling to higher bandwidths

Transmission in unlicensed spectrum opens up the opportunity to use a large number of carriers both at the eNB and the UE side. Due to the nature of channel access in unlicensed spectrum and the need to monitor a large number of carriers, scaling the current LTE design and procedures to support tens of unlicensed carriers would not be efficient from a power consumption perspective. Hence, procedures that can reduce the power consumption to the extent possible should be one of the key goals for LAA design.

2.2.2
Multiplexing different operating modes

PDSCH transmission in LTE today operates primarily using two transmission modes (1) CRS based modes and (2) UERS based modes. 

CRS based transmission modes have wideband pilots spanning all the whole bandwidth of the carrier and can provide good throughput performance at lower SNRs especially at the cell edge and in scenarios where detailed CQI feedback may not be (reliably) available. However, CRS based modes cannot be scaled up to higher rank transmissions due to the significant amount of pilot overhead for channel estimation on each antenna port. DMRS based modes, especially when using MBSFN subframes with low pilot overhead, can scale up to higher rank transmissions and also support spatially multiplexing of a large number of users. Hence, a design which allows efficient multiplexing of CRS and DMRS based transmission modes can provide significant improvements in system throughput. 

To enable efficient operation in unlicensed spectrum and optimize power consumption to the extent feasible, we propose the following frame structure for operating in unlicensed spectrum.
2.2
Frame structure and dynamic subframe types

To achieve efficient multiplexing of UEs using different transmission modes, we propose to have both MBSFN/non-MBSFN subframes in each DL transmission burst. Figure 1 shows some examples of how both types of subframes are multiplexed.
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Figure 1: Dynamic multiplexing of MBSFN and non-MBSFN subframes

In the current LTE Rel-12 design, the MBSFN configuration is semi-static and conveyed to the UE via the PCell in RRC configuration and does not change with every transmission burst. However, due to the uncertain channel access in the unlicensed spectrum and presence of bursty interference, such a semi-static configuration does not result in efficient multiplexing of UEs with different transmission modes. To achieve efficient operation we propose to 

1. Increase the MBSFN subframe ratio from 60% up to 80% as subframe 0 and 5 cannot be configured as MBSFN subframes. 
2. Make the MBSFN configuration dynamic and indicated to the UEs on a per subframe basis.

As each valid DL subframe is either MBSFN or non-MBSFN, it always has CRS on the first OFDM symbol in each subframe. This can be used to support channels such as PCFICH, PDCCH and PHICH (resources may be used to indicate other parameters and not UL ACKs). 

The non-MBSFN subframes have CRS in symbols 0,4,7 and 11 (assuming 2 port CRS) and can support transmission for both CRS and DMRS based transmission while the MBSFN subframes have CRS only in symbol 0 and can support only CRS based control channels and DMRS based PDSCH. The eNB can indicate the subframe type by either re-purposing one of the PCFICH bits or using some PHICH resources to enable the UE to quickly determine the subframe type. 

Having CRS in symbol 0 allows for significant power savings at the UE by allowing early termination of processing based on 

1. Detection of valid DL subframe by detecting CRS in symbol 0

2. Subframe type (MBSFN vs non-MBSFN)

3. PDCCH decoding

However, the eNB may also choose the configure EPDCCH based control channels for certain UEs as they span the entire subframe and can be robust towards time selective bursty interference (for example due to WiFi ACKs etc). 

2.3
Dynamic DL-UL configuration and indication to UEs

In LAA, due to the need to utilize the medium resources as best as possible, the uncertain nature of channel availability and bursty traffic, semi-static configuration of DL and UL resources is not efficient. Thus, we have previously proposed to have a dynamic DL-UL configuration for each transmission burst which utilizes the knowledge of the amount of traffic at the eNB and UEs to determine the number of subframes for which the medium needs to be occupied [1]. Indication of this dynamic DL-UL configuration at the UE allows for significant power savings by allowing the UEs to sleep when UL traffic is being scheduled and the UE under consideration has not received any UL grants. In addition, the UE has certainty about the next few subframes being DL subframes and hence can use that information to reduce processing complexity and performance. 

In addition, the DL-UL configuration indication can act as the equivalent of a “NAV (network allocation vector) message” used in WiFi nodes and communicate to the nearby nodes about medium occupancy by LAA eNBs and UEs. This reduces interference from other devices which choose to monitor this message. In addition, it can also prevent interference from other nodes close to the eNB which interfere with UL transmissions from the UEs and thus protect UL transmissions from nodes hidden to the UEs. 

The signalling of the DL-UL configuration is carried in the first symbol of every valid DL subframe and is updated in every subframe of the transmission burst. For example, if the eNB declares a DL-UL configuration of 6:2 in the first subframe, it would then update it to 5:2 in the second subframe, 4:2 in the third subframe and so on. 

In addition, it is also feasible for the eNB to change the DL-UL configuration subject to certain constraints such as maximum channel occupancy time and consistency of UL grants. For example, an eNB which signals 6:2 in the first subframe, may add a couple of subframes to the transmission by changing the signalled DL-UL configuration to 7:2 in the second subframe. 

Such a signalling of DL-UL configuration may be carried either in a common PDCCH message or as a new signal utilizing PHICH resources. 

2.3.1
Dynamic DL-UL configuration and Rel-13 SDL only UEs

In the LAA WID, it was agreed not to support UL transmission by UEs. For Rel-13 LAA UEs, processing of DL-UL configuration may be optional but beneficial when Rel-13 SDL capable UEs co-exist with (potentially) UL capable UEs from a later release (power savings in declared UL subframes).  

2.4
Fractional Subframes
Support for fractional subframes in LAA has several pros and cons. On the positive side, fractional subframes enable more efficient medium utilization. However, such a benefit comes at a cost of significant power savings at the UE as the UEs have to monitor for the start of eNB transmission by detecting CRS transmission at all the possible fractional subframe candidates. In addition, the fractional subframes may not support PSS/SSS and CSI-RS resources. 

If fractional subframes are supported in LAA, we propose to have support of fractional subframes optional (or a UE capability) and minimize the number of supported fractional subframe candidates.
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Conclusions 

In this document, we present the frame structure for LAA transmission to allow significant power savings at the UE. In particular, we propose to have the following:

1. Determination of valid DL subframe based on CRS in symbol 0.

2. Dynamic MBSFN with signaling based indication in symbol 0 of every subframe.

3. Dynamic DL-UL configuration and indication of the latest DL-UL configuration in every subframe. This can act as an LTE NAV message and reduce the interference from other nodes. In addition such a signaling can protect UL transmissions from nodes hidden to the UEs. 
4. PDCCH based grants to support early decoding and termination of processing for power savings.

5. Optional support for fractional subframes at the UE.
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