
[bookmark: _GoBack]3GPP TSG-RAN WG1 Meeting 80	R1-150319
9 – 13 February 2015, Athens, Greece

Source:	Panasonic
Title: 	Discussion on LAA Synchronization and Discovery
Agenda Item:	7.2.3.3
Document for:	Discussion

[bookmark: _Ref273610094]Introduction
A new study item addressing Licensed-Assisted Access (LAA) using LTE was agreed at RAN#65 [1]. In this contribution, we discuss cell discovery and the data burst synchronization for unlicensed bands. Corresponding to the agreement achieved in RAN1#79 [2], subframe boundary alignment between PCell and SCell is assumed.
Discussion
In this section, we will discuss cell discovery for LAA in unlicensed bands. The basic assumption is here that a PCell will be operated in licensed spectrum while SCells will be operated in unlicensed spectrum.
[bookmark: _Ref403029781]Cell Discovery based on fixed Duty Cycle
General Description
Figure 1 shows PSS/SSS transmissions in a licensed band and unlicensed band of co-located cells. In addition to the subframe alignment based on RAN1#79 ("DL LAA design should assume subframe boundary alignment according to the Rel-12 CA timing relationships across serving cells aggregated by CA"), we assume frame boundary is also aligned similar to CA. While performing clear channel assessment (CCA) prior to LAA burst transmissions according to listen before talk (LBT) requirements described in [3], the eNB will not do so for PSS/SSS transmissions. The effect is that PSS/SSS transmissions will experience potentially quite severe and unpredictable interference from Wi-Fi if these nodes are located close to the LTE UE. In addition, PSS/SSS transmission itself generates interference to Wi-Fi as well. 


[bookmark: _Ref410225910]Figure 1: Rel-8 PSS/SSS transmission in unlicensed bands without CCA prior to PSS/SSS transmission

Using the fixed Rel-8 PSS/SSS duty cycle pattern would basically mean to rely on UE reception functionality even in case of strong interference from other RATs. Interference cancelation as a means for improving the PSS/SSS detection/decoding on the UE side is however expected to be much more challenging than the corresponding interference cancellation under the assumption of exclusive LTE (PSS/SSS) interference. The reason for this assumption is the missing transmission coordination between the different RATs and the differences in physical layer transmission parameters such as OFDM subcarrier spacing, symbol length, etc. for Wi-Fi and LTE. 
Increasing the duty cycles (e.g. 40 ms or 80 ms) of the discovery reference signal (DRS) in the scope of small cell enhancements does not solve the interference issue. Another non-negligible critical issue regarding the transmission of DRS with fixed duty cycles is that the regulation for unlicensed bands at 5 GHz does in certain regions (such as for example Japan) not allow any kind of transmission without prior CCA performed by the transmitting equipment [3].
Depending on the region, DRS transmission could therefore either be performed with a fixed duty cycle ignoring any activity on the unlicensed carrier in terms of no performance corresponding LBT, which is allowed at least by European regulation under the topic of short signalling transmission [3], or by maintaining a fixed duty cycle combined with LBT as shown in Figure 2. The latter would mean that DRS are transmitted only after a successful CCA on transmitter side; DRS that would collide with a Wi-Fi burst (or any other kind of channel occupation) will not be transmitted. In the example shown in Figure 2, the time between two PSS/SSS transmissions would be increased from, 5 ms to 15 ms during the Wi-Fi activity. When LBT procedure prevents the DRS transmission, there are two options: one would be to wait for the next DRS duty cycle transmission opportunity, another possibility would be to transmit DRS after successful CCA in terms of free channel detection meaning that the DRS duty cycle is rather an approximate value depending on the channel occupancy situation.

[bookmark: _Ref402981817]Figure 2: Rel-8 PSS/SSS transmission in unlicensed bands with CCA prior to PSS/SSS transmission

Regardless of performing CCA prior to DRS transmission or not, the UE does not know in advance which transmission opportunity within the known DRS duty cycle pattern will provide a usable DRS that facilitates sufficiently accurate cell discovery. Depending on whether LBT is applied or not, the DRS might either be missing or be superimposed by potentially severe interference form a Wi-Fi node which renders the DRS unusable as well. On the other hand, if the UE does not use multiple transmissions of DRS for the timing detection (i.e. single shot detection), it is not the issue.
The unpredictable and uncontrollable Wi-Fi transmission can result in quite long durations between usable DRS reception. This impact of Wi-Fi node activity on the duration between consecutive discovery and synchronization signal transmissions with fixed duty cycle of DRS is studied in the next section by means of simulations.
Another high level discussion point would be whether unlicensed band RRM measurements including cell identification are similar to RRM measurement in licensed band. In licensed band RRM measurement, UEs identify multiple cells prior to data communication. Depending on the reported RSRP/RSRQ measurements of these identified cells, the network instructs the UE to use certain SCells in the scope of carrier aggregation. 
TR36.889 [5] describes multiple LAA deployment scenarios. In Scenario 2 and 3, licensed cells and unlicensed cells are co-located. In such case, the primary cell would be identified within in the licensed band and the co-location of licensed cell and unlicensed cell could be used for  deriving/providing cell ID and timing of the unlicensed cell SCell from the licensed PCell.  Additional cell identification of unlicensed cells would not necessarily be required prior to the actual data communication. At least RSRP of unlicensed band may be calculated by taking into account the transmission power difference and path loss difference caused by the carrier frequency difference between licensed band and unlicensed band. 
On the other hand, if licensed and unlicensed cells are not co-located, as given in Scenario 1 and 4, unlicensed SCell ID acquisition and timing detection within unlicensed band is essential since subframe boundary alignment between PCell and SCell cannot be expected because of the propagation delay. Whether the identification of multiple unlicensed candidate cells is required or whether the identification of only the best unlicensed candidate cell is sufficient needs further discussion. Depending on these aspects, the required functionality/performance of RRM measurements are different.

Simulation Results
For the performance evaluation, the Rel-8 PSS/SSS transmission pattern (as a certain kind of DRS) in an unlicensed band has been evaluated in coexistence with one and two interfering Wi-Fi nodes that are active in the same band. The assumption regarding the Wi-Fi traffic load is full buffer and a fixed Wi-Fi burst transmission length (1, 2 or 4 ms). The used Wi-Fi implementation comprises random backoff and channel occupations for acknowledgement transmissions as specified for IEEE 802.11 [5]. 
	
[bookmark: _Ref402970056]Figure 3: One interfering Wi-Fi node
	
[bookmark: _Ref402970048]Figure 4: Two interfering Wi-Fi nodes



Figure 3 and Figure 4 show the complementary cumulative distribution function (CCDF) of the time between the consecutive valid PSS/SSS receptions in an UE in the unlicensed band. A PSS/SSS reception is considered valid if it is not colliding with a Wi-Fi burst transmission. The assumption is that the Wi-Fi nodes create here strong interference (due to close vicinity which cannot be avoided) making the PSS/SSS unusable on UE side due to very low SINR levels. The results show how the time between two consecutive valid PSS/SSS and receptions is increased when the LAA node operates in the same band as an active Wi-Fi node. Assuming for example a Wi-Fi burst length of 4 ms, the time between two usable PSS/SSS transmissions without collisions is in 37% of the samples more than 100 ms if one Wi-Fi node is active, and the probability is increased to even 67% with two Wi-Fi nodes. 
As described, the evaluation assumed full buffer traffic and all considered nodes (LAA, Wi-Fi) nodes are located close to each other. If there is no full buffer traffic load and/or larger distances between LTE and Wi-Fi nodes, the results could be different. The significance of the considered scenario (in terms of probability of close vicinity between transmitting Wi-Fi nodes and LTE UEs) has to be studies by means of system level simulations with the modelling of the traffic load and nodes density.
Observation 1:	The reliable DRS reception with fixed duty cycle expectation on UE side seems to be quite problematic in case of coexistence with Wi-Fi node active in the same band. 
Proposal 1:	RAN1 should study the performance of fixed duty cycle discovery signals for unlicensed band operation in coexistence with Wi-Fi.

Data Burst Synchronization
General Description
In contrast to DRS transmissions with a fixed or approximately fixed duty cycle for coarse synchronization and RRM measurement including cell identification, some reference signal could be transmitted at the beginning of an LAA burst as shown in Figure 5. The usage of such reference is similar to the discussion of the reference signal when a cell is in ON state within the context of the small cell on/off discussion. It is used for AGC setting and fine frequency/time estimation for at least demodulation as agreed in RAN1#79.

[bookmark: _Ref402982755]Figure 5: LAA data burst reference signal transmission in unlicensed band 

Since such reference would be part of an LAA burst consisting of downlink data transmissions, it would always succeed a successful CCA within the scope of LBT. It will therefore automatically be protected from severe interference, except for the case of potential residual collisions which might still happen even in case of LBT. Between intermittent consecutive LAA bursts, it is not required to have AGC setting and fine frequency/time estimation for at least demodulation.  
What type of the signal and functionality are required prior to LAA data bursts is discussed in a companion contribution [6]. 
Proposal 2:	RAN1 should consider the transmission of a reference signal at the beginning of an LAA burst; it should be linked to the data burst for the purpose of AGC setting and fine frequency/time estimation for at least demodulation.
Conclusion
We discussed in this contribution the LAA burst synchronization and cell discovery for operation in unlicensed bands. Based on the evaluation, following conclusions are drawn:
Observation 1:	The reliable DRS reception with fixed duty cycle expectation on UE side seems to be quite problematic in case of coexistence with Wi-Fi node active in the same band. 
Proposal 1:	RAN1 should study the performance of fixed duty cycle discovery signals for unlicensed band operation in coexistence with Wi-Fi.
Proposal 2:	RAN1 should consider the transmission of a reference signal at the beginning of an LAA burst; it should be linked to the data burst for the purpose of AGC setting and fine frequency/time estimation for at least demodulation.

[bookmark: _Ref377995306]References
[1] [bookmark: _Ref399486719]RP-141646, 3GPP WID - Study on Licensed Assisted Access using LTE, RAN#65, Sep. 2014
[2] [bookmark: _Ref410226511]RAN1#79 chairman notes
[3] [bookmark: _Ref402962784]R1-144348, “Regulatory Requirements for Unlicensed Spectrum”, Alcatel-Lucent et al., RAN1#78bis, Sep. 2014
[4] TR 36.872 v12.1.0, “Small cell enhancements for E-UTRA and E-UTRAN - Physical layer aspects”, Dec. 2013
[5] [bookmark: _Ref410216323][bookmark: _Ref403028692]3GPP TR 36.889 V0.1.1, Study on Licensed-Assisted Access to Unlicensed Spectrum, November 2014
[6] IEEE Std 802.11TM - 2012
[7] R1-150318, "Discussion on flexible transmission time in LAA",	Panasonic, RAN1#80, Feb. 2015
5

1
3GPP
image2.png
Unlicensed SCell

WiFi burst
A

Rel-8 PSS/SSS transmission
LTE DL LAA burst

X /

r

Licel

nsed PCell

LTE subframe boundary

I





image3.emf
0 50 100 150 200 250 300

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

CCDF

Time between vaild PSS/SSS receptions [ms]

 

 

Wi-Fi burst length = 1 ms

Wi-Fi burst length = 2 ms

Wi-Fi burst length = 4 ms


image4.emf
0 50 100 150 200 250 300

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

CCDF

Time between vaild PSS/SSS receptions [ms]

 

 

Wi-Fi burst length = 1 ms

Wi-Fi burst length = 2 ms

Wi-Fi burst length = 4 ms


image5.png
LAA data burst reference signal
WiFi burst LTE DL LAA burst

Unlicensed SCell | 1 W\ 1 . \

LTE subframe boundary Rel-8 PSS/SSS transmission

D |

Licensed PCell





image1.png
Unlicensed SCell

WiFi burst
A

Rel-8 PSS/SSS transmission
LTE DL LAA burst

X /

r

Licel

nsed PCell

LTE subframe boundary

I





