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1 Introduction
In the LAA study [1], DRS design was addressed with some aspects left open for further design decisions in the work item. The study identified that DRS transmissions should be subject to LBT and that the DRS should be contiguous in time. It was also recommended that the RS bandwidth and density/pattern of the DRS design for LAA should allow support for RRM measurement based on a single DRS occasion. In RAN1#82, the following working assumption, agreement and conclusion were further reached.

Working assumption:
· In an unlicensed carrier, DRS and PDSCH can be multiplexed and transmitted within a subframe, at least in subframes 0 and 5, where the PDSCH transmission follows Cat4 LBT scheme defined for PDSCH

· FFS how to multiplex DRS and PDSCH in a same subframe 

· FFS whether PDSCH and DRS can be multiplexed in the same subframe, if subframe 0 or 5 is not part of the DRS occasion 

Agreements:

· Subject to LBT, allow the DRS without PDSCH to be transmitted in one of different time positions within the configured DMTC where the DMTC timing is relative to the PCell timing. In this case,

· Duration of the signals in the DRS (which doesn’t include potential initial signal) is less than 1 ms (a single idle sensing interval is used for the LBT procedure prior to transmission of the DRS)

· FFS: Duration of the DRS occasions when the duration is less than 1 ms
· FFS: case where duration of the signal in DRS is 1 ms or longer
· Allow DRS transmission in subframe other than #0 and #5

· Position of DRS in a subframe is the same for all candidate subframes in the DMTC

· Following alternatives can be considered for sequence generation for SSS/RS in subframes with DRS

· Alt. 1: Generate SSS/RS sequences according to the subframe index of DRS

· Alt. 2: Generate SSS/RS sequences irrespective of the subframe index of DRS

· FFS: other alternatives

Conclusions:

· Companies are encouraged to evaluate followings until the next RAN1 meeting:

· RRM measurement performance for DRS:

· Single shot cell detection performance

· Single shot RSRP measurement performance

· Candidate DRS structures with one or two CRS port(s):

· Rel-12 DRS for FDD

· 4 OFDM symbols: CRS/SSS/PSS/CRS (e.g. in symbols 4/5/6/7)

· Also study the above cases when:

· PSS and SSS are repeated in frequency domain
· PAPR should be evaluated

· PSS and SSS are repeated in time domain
· Only SSS is repeated in time domain in the DRS subframe

· The minimum transmission bandwidth is 5 MHz
· This does not preclude measurement on 6 PRBs
· The transmission periodicity is the same as Rel-12 DRS
· Note that other DRS structures are not precluded
In this contribution, we present our views on some of the design aspects left for further study and present our views on Rel-13 DRS design.
2 DRS for LAA
2.1 Concepts and Requirements
The following is an analysis of some of the LAA design requirements.

Contiguous Transmission
Contiguous transmission in the DRS burst is necessary to ensure that other nodes contending for the channel do not asssume that the channel is idle while the DRS burst is being transmitted. To achieve contiguous transmission, the main factor to consider is whether the signal should be well defined in 3GPP, or if an unknown signal which has a limited use only for AGC and communicating to other nodes that the channel is being usedl should be transmitted. The benefit of introducing defined signals is that additional functionality can be achieved. The downside of this is that these reference signals start occupying more of the LTE data space unless they are sent only when PDSCH is not present in the subframe.

Signal Multiplexing

There have been previous contributions and discussions on DRS transmissions with and without data transmission. When there is no data transmitted, a reservation signal is placed on certain resource elements and when there is data transmitted these resource elements are supplanted with data. This idea is opposed to reserving certain resource elements for specific signals and introduces some additional complexity for UE processing. 
The processing for the UE is complex if there is no prior knowledge of the subframe structure and the REs in empty OFDM symbols are defined to serve purposes other than AGC and communicating to other nodes that the channel is being used. The UE must perform some sort of blind detection of the RE. So as a signal structure strategy for Release 13, the first step is to consider to not use a resource element for several purposes. Alternately, the UE must always use the minimum set of signals guaranteed to be present regardless of the presence or absence of data, which in this case would be the signals defined for the Rel-12 DRS.
One Shot Measurement

One shot measurement leads to a clear requirement to extend the reference signal space to improve the performance and reliability of the measurement. At least the frequency diversity of the reference signals need to be extended to achieve this. 
UEs can measure RSRP over a larger frequency range of CRS as has already been agreed. The CRS could also perhaps be used to enhance cell identification along with the use of the SSS since this procedure could be more robust.

2.2 LAA DRS Structure
The main idea in this section is that existing signal configurations for which PDSCH mappings already exist can be reused as much as possible if new signal elements are needed to enhance DRS performance.

One easy approach (Figure 1), at least with respect to PDSCH/ePDCCH mapping, is to use a CSI-RS and CRS configuration that occupies as many symbols as possible. That is, we can use many CSI-RS ports and all CRS ports. This should occupy all OFDM symbols except for symbols 2 and 3 in the first slot. For symbols 5 and 6, we may need to allow CSI-RS to be assigned in these symbols even when PSS/SSS are present so that PSS/SSS is present in the central 6 PRBs and the CSI-RS are in the other PRBs. Alternately, occupancy of the remaining RBs in OFDM symbols 5 and 6 could be left up to eNB implementation. For symbols 2 and 3, some undefined signal or a repeat of the CRS from the first two symbols could be used. The CRS if used could optionally be used by the UE to improve measurement performance albeit at the cost of greater complexity since they may not appear if user data is present. If it is desired to not use CRS ports 2 and 3, ports 1 and 2 could be reused for transmission in symbols 1 and 8 as well under the same arrangement whereby they will not appear if user data is present. It should be noted that any of the CSI-RS in the DRS may only appear when they are configured as per the Rel-12 DRS procedures. Hence, the use of the last two symbols (12 and 13) is not necessary, for instance, unless the eNB explicitly configures the UEs to look for these CSI-RS. This gives some flexibility in reducing the mandatory length of the DRS for LAA.
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Figure 1: Normal (12-symbol) Rel-12 DRS
Another option is to define the Rel-13 LAA discovery signal as starting from symbol 4 and extending until the end of the subframe, i.e., the discovery signal is only 10 symbols long. With the use of all CRS ports, this would provide 16 CRS REs within a PRB which is the same number that would be available if a single CRS port were used. In addition, two CSI-RS ports, one in symbols 9 and 10 and one in symbols 12 and 13 could be used which provides an additional 4 REs. The advantage of the above configuration is the lack of any necessity to send any signals that are not useful to the UE while using existing rate matching mechanisms for the PDSCH. For symbols 5 and 6, we could use a third CSI-RS port and may need to allow CSI-RS to be assigned in these symbols even when PSS/SSS are present so that PSS/SSS is present in the central 6 PRBs and the CSI-RS are in the other PRBs. Another option for symbols 5 and 6 carrying PSS/SSS is to use additional SSS and PSS sequences that can be sent to increase bandwidth occupancy as well as improve cell detection and expand the number of available cell identities. PDSCH rate matching around these additional SSS and PSS signals in the non-central PRBs should preferably be defined. A simpler option would be to leave it up to eNB implementation how the remaining PRBs in symbols 5 and 6 are occupied. As noted for the 12-symbol DRS above, the last two symbols carrying CSI-RS may optionally be not configured by the eNB. A figure depicting the above described configuration is shown below.
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Figure 2: Short (10-symbol) Rel-12 DRS 
Coincidently, the DRS signal structure shown in (Figure 1) has an increase of over 100% when it comes to the density of the CRS when compared to the Release 12 version. It is expected that such a DRS signal will improve the one-shot measurement performance. 
A third DRS design option that can be considered is to use just symbols 4-7 in Figure 2 above. This option truncates the Rel-12 DRS on both ends and can be referred to as truncated (4-symbol) Rel-12 DRS. 

In our companion contribution [2] we have provided performance results of cell detection when using various CRS port and symbol configurations for each of these options.

Proposal: DRS design is based on currently defined LTE signals. Extension of existing reference signals to other REs in time and/or frequency can be considered.
In order to increase the power spectral density from the current 1.4 MHz bandwidth on symbols 5 and 6, it is possible to introduce an SSS like signal which is orthogonal to the existing SSS (eSSS). Since the PSS/SSS/eSSS can appear in any SF in the DMTC window according to one of the design options being considered, code sequence on the eSSS could be varied to uniquely represent any allowed SF in the radio frame. Figure 3 shows the possible positions of the eSSS in the LTE frequency-time domain. The relative positions of the eSSS are known to the UE for it to hypothesize and find the SCell.
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Figure 3: Mapping of eSSS in LAA

Observation: SSS signals extended in the frequency domain in all symbols could be used by the UE to improve coexistence and assist cell detection and measurements.
Based on the above discussion, we identify three options to improve the power spectral density of the OFDM symbols carrying PSS/SSS and therefore propose the following.

Proposal: Consider the following options for increasing the power spectral density of the OFDM symbols carrying PSS/SSS:

· Use additional SSS signals to extend occupancy in the frequency domain.
· Permit CSI-RS to be transmitted in other PRBs for the symbols carrying PSS/SSS.

· Leave occupancy of the symbols carrying PSS/SSS in frequency upto eNB implementation.
Another option to ensure a contiguous structure for the DRS would be the transmission of some control information in the subframes carrying discovery signals since it could be quite useful to transmit some control information to inform UEs about aspects related to unlicensed band usage. Some possible control information parameters that may be signalled are discussed below

Operator ID (i.e. PLMN ID): An operator ID that informs the UE which operator the cell belongs to would be useful since an unlicensed band carrier may be used by multiple operators. The UE can ensure this is verified prior to performing any quality measurements. 

Operating Carriers: An eNB may operate on several LAA carriers simultaneously. If the eNB can send the LAA carriers on which it is operating, other operator’s eNBs can use this information as input to their channel selection.

Carrier Usage: Similarly, channel usage metrics for the operating carriers can also be sent over the discovery signal to further aid other operator’s eNBs for channel selection.

Other parameters related to unlicensed band operation may also be useful. For example, signalling of LBT related parameters such as the longest length of any initial signal that may be transmitted would allow the eNB to dynamically optimize LBT parameters for better coexistence with other nodes of the same and other technologies. The transmission of such control information in the discovery burst could allow the subframes carrying the discovery signals to be sufficiently occupied in time and frequency so that any other nodes can easily sense the presence of the transmissions. Such transmissions also have the benefit of being fully compatible with current PDSCH mapping which would need to be changed for the previous two options. Hence, we propose the following.

Proposal: Transmission of some control information can be used in LAA to fill some empty OFDM symbols in the Rel-12 discovery signal.
We now address some of the questions that were left for further study at the last RAN1 meeting. On the issue of multiplexing of PDSCH and DRS within a subframe, this should be allowed. Otherwise, the DRS would end up increasing the overhead unnecessarily and would lead to a much more limiting design for LAA. We therefore, propose to turn the current working assumption into an agreement.
Regarding the question of how to multiplex DRS and PDSCH in a subframe, if a design that reuses existing signals is used as proposed in the previous section, multiplexing of DRS and PDSCH can be done naturally as it is done in Rel-12. The detailed question here is how to handle the PSS/SSS which may appear in a subframe other than subframe 0 and subframe 5 if it is moved to another subframe as part of moving the DRS as per the agreement. When the DRS, including the PSS/SSS, is transmitted in a subframe other than subframe 0 and 5, the legacy RE mapping for PDSCH reception may be compromised. However, it would still be beneficial to be able to multiplex PDSCH and DRS in the same subframe even if the DRS is transmitted in a subframe other than subframe 0 and 5 to provide maximum flexibility to the eNB to ensure timely transmission of DRS and PDSCH. This would mean that the UE should have some way of knowing when the DRS is being multiplexed in this manner and this needs further study. It also would be easier to accommodate this if the scrambling for the CRS is based on the current subframe number as opposed to the subframe index of the DRS. The above discussion leads to the following proposals.
Proposal: In an unlicensed carrier, DRS and PDSCH can be multiplexed and transmitted within a subframe, even if subframe 0 or 5 is not part of the DRS occasion, where the PDSCH transmission follows a Category 4 LBT scheme defined for PDSCH.
Proposal: The scrambling for the CRS that is part of the DRS should be based on the subframe number in which the CRS is transmitted.
The duration of the DRS for LAA when the DRS duration is less than 1 ms was another aspect that was left for further study. Considering the overhead and interference to other coexisting nodes on unlicensed spectrum, the DRS occasion duration should be kept as small as possible, especially if the DRS occasion may be moved within the DMTC due to LBT failure. As per the design outlined in the previous section and the one-shot detection performance results in [2], a DRS duration that accommodates three OFDM symbols of CRS assuming the use of at least two ports of CRS can ensure sufficient performance. This leads to the following proposals.
Proposal: A DRS duration of at least 8 symbols (symbols 4-11) containing 3 OFDM symbols of CRS should be considered.
Proposal: The DRS occasion should not be moved inside the DMTC if the DRS occasion duration is 1 ms or longer.
2.3 LAA Functionalities Based on Discovery Signals

The use of discovery signals that may be subject to LBT to facilitate the requisite functionalities is outlined below and shown in Figure 4. The figure shows how a discovery signal burst may not be transmitted when LBT fails. It also shows how data can be transmitted in the intervening subframes and how reference signals along with control information could be used to reserve the channel prior to a discovery signal or data transmission. 
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Figure 4: Discovery signal transmission for LAA

The challenges in the use of the discovery signals for LAA depend on the specific functionality in question. For RRM measurements which include cell identification, the most challenging case occurs for the reception of and measurements on discovery signals being transmitted on neighbouring cells. For reception of data on the serving cell, AGC and fine time and frequency estimation need to be facilitated by the discovery signals from the serving cell.
2.3.1 AGC 

For AGC, we consider UE aspects in the following. The purpose of AGC in the UE is to keep the analogue signal within the dynamic range of the ADC and also to keep the digital gain within its dynamic range when the IQ samples are sent for baseband processing. The current discovery signal periodicities in Rel-12 correspond well to the LTE DRX cycle when the UE is expected to receive paging in terms of the period length. The 40 ms period length of the discovery signal is smaller than average DRX lengths so that the absence of some of the discovery signal bursts due to LBT failure should not be a problem. In a loaded system where we expect some LBT failures and the disappearance of some discovery signal transmissions, AGC still should be robust enough to handle this and maintain a reasonable AGC level so that data can be received in any subframe as long as DRS is available without too much interruption due to LBT.

If the network timing is reasonably accurate (it should be, assuming the UE is tracking the current discovery signal whenever it is transmitted as discussed in the next section), the signal level measurement/set gain loop will converge to the ideal gain setting in a very short time. This time is expected to be shorter than an LTE OFDM symbol. When applicable, initial signals before the commencement of data transmissions can be used to set the AGC before receiving data, although data reception is possible even without the use of such an initial signal for AGC. In addition, if the DRS transmission fails and data needs to be sent immediately, the first SF of data can use more robust MCS to allow the UE to re-establish proper gain settings.

2.3.2 Coarse Synchronization and Time and Frequency Estimation

Time and frequency estimation can be performed using the PSS, SSS and CRS inside the discovery signal subframes. The use of two CRS ports can further enhance synchronization performance. These signals can provide synchronization estimates that are adequate for the purpose of RRM measurements on the serving and neighbouring cells. When data is to be received by the UE in a subframe that occurs a significant number of subframes after the last reception of a discovery signal on the serving cell, further fine tuning of the time and frequency estimates can be performed using the DM-RS and, if present, the CRS within the subframe in which data is received. Such a scheme was shown to perform very well in evaluations performed in earlier releases of LTE where the performance of receiving data after a long DRX cycle was evaluated. The initial signal receivedbefore the actual start of data transmissions can also be used to fine tune time and frequency estimates before the reception of data when available. 

3 Conclusion
This contribution considered DRS design and structure and addressed some of the open issues that were identified in RAN1#82. DRS structures of different durations 1 ms or less were considered. It is observed that use of existing reference signals provide adequate options for DRS design.
Proposal: DRS design is based on currently defined LTE signals. Extension of existing reference signals to other REs in time and/or frequency can be considered. 
In addition, we considered the problem posed by the fact that the PSS/SSS only occupy 6 PRBs which causes a coexistence problem since coexisting nodes may not be able to sense these signals even while they sense other signals that are present in the DRS occasion. We make the following observation and proposal motivated by this.
Observation: SSS signals extended in the frequency domain in all symbols could be used by the UE to improve coexistence and assist cell detection and measurements.
Proposal: Consider the following options for increasing the power spectral density of the OFDM symbols carrying PSS/SSS:

· Use additional SSS signals to extend occupancy in the frequency domain.
· Permit CSI-RS to be transmitted in other PRBs for the symbols carrying PSS/SSS.
· Leave occupancy of the symbols carrying PSS/SSS in frequency upto eNB implementation.
We also considered the problem of ensuring that the DRS has a contiguous structure. To this end, we showed how existing reference signals can be used and also discussed the transmission of some useful control information that can serve this purpose in addition to being useful in itself. Based on this, we propose the following.

Proposal: Transmission of some control information can be used in LAA to fill some empty OFDM symbols in the Rel-12 discovery signal.

Finally, we addressed some DRS design details that were left open for further study in RAN1#82 and propose the following.

Proposal: In an unlicensed carrier, DRS and PDSCH can be multiplexed and transmitted within a subframe, even if subframe 0 or 5 is not part of the DRS occasion, where the PDSCH transmission follows a Category 4 LBT scheme defined for PDSCH.
Proposal: The scrambling for the CRS that is part of the DRS should be based on the subframe number in which the CRS is transmitted.
Proposal: A DRS duration of at least 8 symbols (symbols 4-11) containing 3 OFDM symbols of CRS should be considered.
Proposal: The DRS occasion should not be moved inside the DMTC if the DRS occasion duration is 1 ms or longer.
Simulation results for the cell detection performance can be found in [2]. 
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