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1. Introduction 
Licensed-Assisted Access using LTE, also referred to as LAA, is studied as a potential solution to provide an efficient use of unlicensed spectrum as a complement to licensed deployments. At the RAN1 #79 meeting, the following agreements were made on the additional required functionalities for LAA:

· RRM measurement including cell identification
· AGC setting

· Coarse synchronization
· Fine frequency/time estimation for at least demodulation
· CSI measurement, including channel and interference

In addition, it was agreed that
·  Rel-12 DRS can be the starting point for at least RRM measurement including cell identification 
In such a context, the main goal of this contribution is to discuss the potential enhancements to Rel-12 DRS, taking into account regulatory requirements of different regions on transmissions over unlicensed spectrum. 
2. Potential Enhancements to Rel-12 DRS 
DRS transmission timing

Transmissions of various signals/channels in unlicensed spectrum, including LAA DRS are illustrated in Figure 1.  
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Figure 1. Example of various signal/channel transmissions from different radio access technologies in an unlicensed carrier.
Some modifications may be needed to the Rel-12 DRS, due to coexistence with other unlicensed deployments and the regulatory requirements on transmissions over unlicensed spectrum. For instance, periodic DRS transmissions do not comply with regulations in Japan due to the Listen-before-talk (LBT) requirement. In contrast, there is no such requirement in US and therefore the Rel-12 DRS could be used as it is. However, periodic transmissions may cause collisions with other Wi-Fi transmissions, which can bring a coexistence issue. In addition to regulation requirements and coexistence with other unlicensed deployments, we also consider a design target for LAA, a single global solution framework [1]. Keeping in mind these design considerations, we may come up with the following DRS design options.

· Type 1 DRS

· Periodically transmitted without LBT. 
· UE knows the exact timing, which is useful for:

· DRX operation of UE, e.g., for power saving.
· Measurements for other LAA cells.
· Its periodicity can be determined taking into account regulatory requirements as well as actual performance impact on Wi-Fi. A long periodicity, e.g., 80ms or 160ms would be desirable for Type 1 DRS periodicity. 

· In some regions where LBT is required for all transmissions, the periodicity should be infinity.

· Type 2 DRS

· Aperiodic DRS based on LBT.
· Can be configured in addition to Type 1 DRS. 
· Since UE does not know the exact timing, we may consider:

· Alt. 1: UE performs a blind detection of Type 2 DRS. 

· Alt. 2: An indicator signal can be defined and possibly transmitted on the licensed carrier to indicate whether Type 2 DRS is being transmitted in the corresponding subframe of the unlicensed carrier.
· Option 1 (Type 2a): 

· Type 2 DRS can be transmitted in any subframe.

· Can be overlapped with an LAA data burst (containing PDSCH subframe).
· A possible variant : A Type 2 DRS transmission window is defined/configured, e.g., every 10ms, as the time duration for which eNB attempts to transmit one Type 2 DRS. If the eNB cannot find the medium idle during one window, it skips the current window and tries the next window.  
· Option 2 (Type 2b): 
· Type 2 DRS can be transmitted only in a predefined set of subframes, e.g., every 5 subframe.
· When the channel is not available, the corresponding DRS is not transmitted.

· Can be overlapped with an LAA data burst. 

· Can facilitate DRX operation of UE, for power saving or sensing/measuring other carriers.   
Option 1 is more flexible than Option 2 at the expense of UE’s additional detection effort. DRS transmissions of ‘Type 1 + Type  2a’ and ‘Type 1 + Type  2b’ are illustrated in Figure 2 and 3, respectively.  
Proposal 1: Consider Type 1, Type 2a, and Type 2b DRS transmissions as potential enhancements to LAA DRS.
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Figure 2. Example of DRS transmission: Type 1 + Type 2a
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Figure 3. Example of DRS transmission: Type 1 + Type 2b
Modifications to DRS signal
There are transmission gaps in one Rel-12 DRS occasion, i.e., a few OFDM symbols are muted unless it carries CRS, CSI-RS, or PSS/SSS. Since one OFDM symbol duration, e.g., ~70 micro second, is a long duration from the perspective of Wi-Fi channel access protocol, Wi-Fi can probably cut in the muting gaps as it may sense the channel to be idle. Therefore, a collision may occur between LAA DRS and Wi-Fi, which can degrade the performance. One possible remedy is to fill the muting gaps up with some signals, e.g., CRS, to make the DRS transmission contiguous in time domain. 

Proposal 2: Make DRS signal contiguous in time domain to avoid unnecessary collision with transmissions from other unlicensed deployments such as Wi-Fi.  
3. Conclusion

In this contribution, we discuss potential enhancements to LAA DRS. We have made the following proposals based on the discussion.
Proposal 1: Consider Type 1, Type 2a, and Type 2b DRS transmissions as potential enhancements to LAA DRS.
Proposal 2: Make DRS signal contiguous in time domain to avoid unnecessary collision with transmissions from other unlicensed deployments, such as Wi-Fi.
References

[1] 3GPP TR 36.889 v0.1.0 (2014-11)
PAGE  
1/3

