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Introduction
The following agreements was considered in RAN1#82b for the transmission of signals in the DRS (PSS/SSS/CRS/CSI-RS) within the outside the DMTC window. 
Agreement:
· Every subframe 0 and 5, when transmitted by the eNB, should contain Rel-12 PSS/SSS/CRS where PSS/SSS/CRS in the LAA DRS is a subset of these signals.

· Number of CRS ports should be the same or higher than the number of CRS ports in the DRS.
· FFS: Partial TTI in SF0 and SF5
· FFS: Changes to scrambling for SSS/CRS 
· Note: A UE is only expected to detect and measure cells transmitting DRS during the configured DRS DMTC window (from RAN2 agreements)
· The PSS/SSS/CRS in LAA DRS is a subset of Rel-12 PSS/SSS/CRS.
· FFS: Changes to scrambling for SSS/CRS 

In addition, it was also agreed to transmit CSI-RS as part of the DRS for the purpose of channel estimation to compute CQI. 

Agreement:
· UE can be configured with DRS and CSI-RS in the same subframe, for the purpose of CSI channel measurement using the configured CSI-RS
· FFS: CSI-RS configuration details

· FFS: Depending on the DRS design, the UE can assume CRS ports are transmitted during a DRS occasion for the purpose of CSI measurement 

In this document, we provide some details on how the scrambling sequences for the above reference signals should be determined for LAA. In addition, we discuss the resolution of collisions between CSI-RS transmissions as part of DRS for channel measurement, RSRP and periodic CSI-RS. 
2
PSS/SSS/CRS/CSI-RS scrambling
For a UE configured with LAA SCells, the timing of the SCell can be derived from the timing of the PCell through the carrier aggregation (CA) framework. Thus, for the serving SCell, the scrambling sequences used in each subframe can be determined using this relationship. The key factor in imposing restrictions on the choice of scrambling sequences arises from the need to perform neighbor cell measurements from other LAA transmitters belonging to either the serving PLMN or a neighboring PLMN.
In LAA, the DRS can “float” within the DMTC, i.e., it can occur in one of several subframe candidate positions within the DMTC. To enable a UE to perform RRM measurements on a neighboring cell, we propose the following choice of scrambling for the PSS/SSS. 

1. PSS/SSS transmitted as part of DRS in subframes 0, 1, 2, 3 and 4 of a radio frame carries the subframe 0 pattern.
2. PSS/SSS transmitted as part of DRS in subframes 5, 6, 7, 8 and 9 of a radio frame carries the subframe 5 pattern.
3. PSS/SSS transmitted outside the DMTC pattern follows the Rel-12 structure.
Another possibility is to have all subframes except subframe 5 carry the subframe 0 pattern within the DMTC.

Once the UE detects a PSS/SSS, it can determine that the subframe in which DRS was transmitted was either one of subframes 0, 1, 2, 3 or 4 (when a subframe 0 type is detected) or one of subframes 5, 6, 7, 8 or 9 (when a subframe 5 type is detected). 
For the purpose of RRM measurement and potentially determining PLMN ID etc., the UE needs to determine the exact scrambling sequence to be used for CRS and CSI-RS processing. If the scrambling sequences in subframes within the DMTC are determined the exact subframe index, the UE would have to test several hypothesis (at least 5) for the scrambling sequences to determine the exact scrambling sequence used in that subframe. This would result in significantly increased detection complexity and corrupted measurements due to misdetection and false alarms at the UE. 
To reduce UE implementation complexity and improve reliability, we propose that for the DRS within the DMTC for CRS and CSI-RS transmissions use scrambling consistent with the subframe number associated with the PSS/SSS, e.g. either
1. Use SF#0 scrambling in actual subframes SF#0, SF#1, SF#2, SF#3 and SF#4.

2. Use SF#5 scrambling in actual subframes SF#5, SF#6, SF#7, SF#8 and SF#9. 

or alternatively, for all subframes except subframe 5, use the subframe 0 scrambling within the DMTC.

For transmissions outside the DMTC, scrambling of all sequences is based on actual subframe number. Note that PSS/SSS transmissions outside the DMTC can occur only in subframes 0 and 5.
This ensures that whether a UE detects a PSS/SSS transmission of a (either synchronous or asynchronous) neighbor cell within the DMTC, the scrambling of the CRS and CSI-RS sequences in that subframe can be determined by determining whether the PSS/SSS transmission was preamble based (SF#0) or midamble based (SF#5). This simplifies the measurement procedure for neighbor cells without significantly increasing UE computational complexity and degrading reliability of measurements. 
For a neighbor cell, the UE assumes that if CSI-RS for RSRP is configured, presence of CRS also indicates the presence of CSI-RS resources. The UE can determine the scrambling for the CSI-RS resources from the CRS resources. For measurement of highly asynchronous neighbors whose actual DRS transmission does not occur within the UE’s DMTC, assuming the presence of CSI-RS may not be valid as the PSS/SSS transmission may not be part of the DMTC. In such scenarios, it should be assumed that the eNB configures the UE correctly or is prepared to deal with inaccurate RSRP measurements using CSI-RS.  
2.1
Control and data transmission within DMTC
A typical UE implementation would have a data path and a “narrowband” searcher path. The data path implementation is used for control and data channel demodulation, CSI feedback and various other functions such as time/frequency synchronization etc. and typically assumes that all the reference signals in a given subframe are scrambled according to the subframe number, while the searcher path can handle cells which are out of timing sync (for the purpose of FFT) with the serving cell. The searcher path can be configured more dynamically configured without significantly impacting existing UE implementation. 
In Section 2, we discussed the possibility of using different scrambling in subframes 1,2,3,4 and 6,7,8,9 if they are part of the DRS which can create implementation difficulties along the data path of the UE. To avoid sequence scrambling confusion and reduce implementation complexity, we propose that


1. The UE is expected to demodulate control and data channels only in those subframes where CRS scrambling is consistent with the actual subframe index.
2.2
Handling multiple PSS/SSS transmissions within DMTC

In LAA, it is possible for the PSS/SSS to be transmitted at multiple instances within the DMTC. For example, if the eNB gets the channel in the middle of subframe 3, it is possible for PSS/SSS as part of DRS to be transmitted in subframe 4 and an additional PSS/SSS transmission in subframe 5. Such transmissions can potentially create confusion at the UE and result in inaccurate RRM measurements or PCI confusion. To simplify UE implementation, we propose the following

1. PSS/SSS is transmitted only in one subframe within the DMTC, with the exception that when both subframe 0 and subframe 5 is within DMTC, both can contain PSS/SSS as long as no other subframe in DMTC contains PSS/SSS.
2. A subframe within the DMTC does not contain unicast PDSCH other than in subframe 0 and 5.
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CSI-RS/CSI-IM configurations, scrambling and UE behaviour for LAA

In this section, we discuss the CSI-RS configurations for LAA. Based on current RAN1 agreements, three independent CSI-RS “resources” can be configured for LAA.
1. CSI-RS as part of periodic CSI-RS transmission configuration 
2. CSI-RS as part of DRS for RRM measurement
3. CSI-RS as part of DRS for channel estimates

We first discuss the collision scenarios between the three different CSI-RS configurations and then discuss the scrambling sequence to be used for CSI-RS in each transmission instance.
The CSI-RS configured as part of periodic CSI-RS transmission occurs periodically subject to LBT. The UE needs to handle the following scenarios for a subframe carrying CSI-RS. 
a) Subframe is outside DMTC and is a full subframe: If CRS is detected in symbol 0 or if the UE through knowledge of DL-UL configuration or any other means knows that the current subframe is a valid DL subframe, then the UE shall assume that CSI-RS and CSI-IM occur in that subframe.

b) Subframe is an end partial subframe: If CRS is detected in symbol 0 and signalling is present to indicate an end partial subframe, then several options have been identified for the UE to process CSI depending on how the initial partial subframe is defined. 

a. UE can assume that CSI-RS presence as determined by the DwPTS configuration. 
b. No CSI-RS/CSI-IM resources are transmitted in initial partial subframes and UEs need not rate match around such resources for EPDCCH/PDSCH demodulation. 

We propose to not transmit CSI-RS and CSI-IM resources in the end partial subframes and UEs need not rate match around such resources for EPDCCH/PDSCH demodulation so as to not impact CSI processing timeline.
c) Subframe is an initial partial subframe: Several options have been identified for the UE to process CSI depending on how the initial partial subframe is defined.
a. If the initial partial subframe, is a shifted version of DwPTS (or the first slot of a subframe), UE can assume the presence of CSI-RS/CSI-IM resources as per DwPTS configuration

b. If the initial partial subframe is the second slot of a full subframe, UE can assume the presence of CSI-RS/CSI-IM resources if they are configured to occur within the second slot of a subframe and outside of the PDCCH region of the initial partial subframe.
c. No CSI-RS/CSI-IM resources are transmitted in initial partial subframes and UEs need not rate match around such resources for EPDCCH/PDSCH demodulation. 
We propose to not transmit CSI-RS/CSI-IM resources in initial partial subframes so as to not impact CSI processing timeline. 

d) Subframe is within DMTC and is a DRS subframe: There is uncertainty at the UE due to collision of CSI resources with PSS/SSS and also if the resources are configured to be in the last two symbols in the subframe. In the next sub-sections, we discuss some proposals for transmitting CSI-RS signals below.

In addition, RAN1 agreed to have possibly different CSI-RS configured as part of the DRS for channel estimation for CQI and RRM measurements. In a worst case scenario, there could be collision between one or more CSI-RS configurations for a UE, especially if the CSI-RS as part of the DRS is floating within the DMTC. 
To enable simpler configuration and management of CSI-RS processing as part of the DRS, we propose the following restrictions on CSI-RS as part of DRS for LAA SCells. 
3.1
Simplification of CSI-RS configuration as part of DRS

For a UE and a serving cell, either one of the following can be configured as part of the DRS but not both
1. CSI-RS for RRM
2. CSI-RS for channel measurement for CQI

Alternatively, the same set of resources could be used for both CSI-RS for RSRP and for channel estimation for computing CQI. For example, a subset of resources configured for computing CQI can be used for computing CSI-RS based RRM. 
There seems to be no strong benefit, other than achieving better reuse across LAA cells, to configuring different set of resources for CQI computation and RRM and hence we propose to have either one configuration for both or only allow configuration of CSI-RS for one of the purposes listed above. 
3.2
Simplification of CSI-RS configuration as part of DRS and periodic CSI-RS
It is expected that CSI-RS configured as part of DRS would be used for computing CQI for periodic and aperiodic reporting and hence the configuration of the ports of CSI-RS as part of DRS should be identical (or at least compatible) with the ports of CSI-RS as part of periodic CSI-RS transmission. To simplify UE processing, we propose the following restrictions on the CSI-RS configuration

1. If both CSI-RS for CSI in DRS and periodic CSI-RS resources are configured for a UE, then their resource configuration must be identical. This implies that periodic CSI-RS resources cannot be configured in the last 2 OFDM symbols in a subframe. 

To facilitate this and reduce the CSI processing load at the UE during the DMTC, we also propose that CSI-RS in DRS is used only for channel measurements and only for periodic and aperiodic reports occurring at least 4ms after the last subframe of the DMTC. 
4
PLMN ID Signalling

When LAA nodes from multiple operators with different PLMN IDs are present within the sensing range of a UE searching for an LAA carrier or attempting to perform a RRM measurement, the UE must be able to distinguish the signals from these different operators even if they have the same cell id. Thus, we propose that DRS signals occurring within the discovery window also carry one or more PLMN IDs associated with the eNB to enable a UE to determine the operator corresponding to a detected cell.
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Proposal 

1. PSS/SSS transmitted as part of DRS in subframes 0, 1, 2, 3 and 4 of a radio frame carries the subframe 0 pattern.

2. PSS/SSS transmitted as part of DRS in subframes 5, 6, 7, 8 and 9 of a radio frame carries the subframe 5 pattern.

3. PSS/SSS transmitted outside the DMTC pattern follows the Rel-12 structure.

4. Use SF#0 scrambling in actual subframes SF#0, SF#1, SF#2, SF#3 and SF#4.

5. Use SF#5 scrambling in actual subframes SF#5, SF#6, SF#7, SF#8 and SF#9. 

6. The UE is expected to demodulate control and data channels and compute CQI only in those subframes where CRS and CSI-RS scrambling are consistent with the actual subframe index.

7. PSS/SSS is transmitted only in one subframe within the DMTC, with the exception that when both subframe 0 and subframe 5 is within DMTC, both can contain PSS/SSS as long as no other subframe in DMTC contains PSS/SSS. 
8. A subframe within the DMTC does not contain unicast PDSCH other than in subframe 0 and 5. 
9. If both CSI-RS for CSI in DRS and periodic CSI-RS resources are configured for a UE, then their resource configuration must be identical. 
10. Support signaling of multiple PLMN IDs in LAA DRS. 
PAGE  
5/5

