3GPP TSG RAN WG1 Meeting #77
R1-141938
Seoul, Korea, May 19 – 23, 2014
Agenda Item:
6.2.3.3
Source:
Huawei, HiSilicon
Title:
Discussion on listening RS design
Document for:
Discussion/Decision
1 Introduction

In RAN1 #76bis meeting, it was agreed that [1]
· Specify listening RS(s) including RS pattern, and subframe periodicity, and offset, for both FDD and TDD

· Other specification impacts are FFS
· PRS and/or CRS is used as the listening RS for RIBS

–
FFS: Down-select of listening RS
· Subframe-level muting is supported for RIBS

· FFS: In RAN1, UE impact of detailed subframe-level muting

In this contribution, the design of listening RS pattern is discussed and it should be designed such that the UE behaviours can be unchanged.  A draft TP for TS 36.211 which provides the possible specification of radio interface based synchronization is also included for reference.
2 Discussion

As agreed in the last meeting, the design of listening RS pattern includes RS pattern, subframe periodicity, and offset and they will be discussed respectively in the following sections.
2.1 RS pattern
The detailed analysis of listening RS pattern per subframe is given in a companion paper [2]. According to the analysis, it was proposed that:
Proposal 1: Choose PRS+CRS as the listening RS pattern per subframe.
2.2 Subframe periodicity
As listed in Table 6.1.2.3-1 of [3], the synchronization maintenance periods are depending on the frequency error values. Assuming 0.1ppm frequency error for pico cells, the maximum frequency error between two cells is 0.2ppm and the synchronization maintenance period is 7.5 seconds. Therefore the periodicity of listening RS should be no larger than 7.5 seconds.   
On the other hand, the largest time period that can be recognized by using SFN (system frame number) is 1024 radio frames. The largest submultiple of 1024 radio frames that is smaller than 7.5 seconds is 512 radio frames. Therefore the periodicity of listening RS subframes should be 512 radio frames, i.e., 5.12 seconds
Proposal 2: Define the periodicity of listening RS for each source cell as 512 radio frames.
2.3 Listening RS offset

In the design of listening RS, different stratum levels associating with different listening RS offsets can be considered. The blind detection of stratum level was discussed in [3] by associating listening RS pattern with stratum levels. This technique is especially useful in the scenario of synchronization between eNBs of different operators, as discussed in [4]. One simple way for the association is to associate the different stratum levels with different listening RS offsets.

It can be seen that the maximum supported stratum level would impact the association and it will be discussed in the following section. In addition, given the very long periodicity of listening RS, it is convenient to discuss radio frame offset and subframe offset respectively.
· Maximum stratum level
It was stated in [5] that the network listening is “able to support multiple stratum level beyond 3 hops, e.g. 4 to 6 hops. The number of hops configured in the network is dependent on scenarios”. The maximum stratum level needs to be decided and there are two ways to decide it:

· Alt.1: Adopt a fixed value of the maximum stratum level (e.g., 5 or 6 or 7)

· Alt.2: Support up to stratum level S (e.g., S=8) in the specification, and allow OAM configuring the maximum stratum level in the network
Considering the limited time of this work item, and to leave enough flexibility for implementation, Alt.2 is preferred.
Proposal 3: Support up to stratum level S (e.g., S=8) in the specification and allow OAM configuring the maximum stratum level in the network.

· Radio frame offset

Compared with subframe offset, it is preferred to associate S stratum levels with S different radio frame offsets. Using S different subframe offsets could increase the complexity as the available symbols for listening can be different in different subframes [6]. In addition, there may not be enough different subframes for such design [6].
It is proposed in [4] to design listening RS such that the UE behaviors can be unchanged. In order to reduce the impact on UE RRM/RLM measurement incurred by listening as well as subframe-level muting, the radio frames containing listening subframes should be distributed enough. Two types of listening RS radio frame distribution can be considered.

· Type 1: even distribution
· Type 2: dichotomization distribution
Figure 1 shows an example of these two types of radio frame offsets, where the case with 4 stratum levels is assumed. 
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Figure 1. Two types of listening RS radio frame distribution with 4 stratum levels

It can be observed that by using dichotomization distribution, the listening RS subframes are distributed more evenly when the stratum level configured by OAM is smaller than S.
Proposal 4: Different stratum levels are associated with different listening RS radio frame offsets. Adopt dichotomization distribution for the LRS radio frame offsets within a listening period.
· Subframe offset

As discussed in [6], different options for subframe offset are analyzed. While considering the common design for all TDD UL-DL configurations and FDD, subframe #1 can be chosen for network listening for both FDD and TDD.
Proposal 5: subframe #1 can be chosen for network listening for both FDD and TDD.
In summary the configuration of listening RS subframe associated with different stratum level is summarized in Table 1, where S=8 is assumed. The listening RS instance shall satisfy 
[image: image2.wmf](

)

fsLRSLRS

10/2mod0

nnT

´+-D=

êú

ëû

.
Table 1. Listening RS subframe configuration
	LRS configuration Index 
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	LRS subframe offset 
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	0
	5120
	1

	1 
	5120
	2561

	2
	5120
	1281

	3
	5120
	3841

	4
	5120
	641

	5
	5120
	1921

	6
	5120
	3201

	7
	5120
	4481


3 Conclusion

In this contribution, the details for listening RS design are discussed including RS pattern, subframe configuration and offset. The supported maximum stratum level is also mentioned. A draft TP for TS 36.211 which provides the possible specification of radio interface based synchronization is included in the appendix. The following is proposed: 

Proposal 1: Choose PRS+CRS as the listening RS pattern per subframe.
Proposal 2: Define the periodicity of listening RS for each source cell as 512 radio frames.

Proposal 3: Support up to stratum level S (e.g., S=8) in the specification and allow OAM configuring the maximum stratum level in the network.
Proposal 4: Different stratum levels are associated with different listening RS radio frame offsets. Adopt dichotomization distribution for the listening radio frame offsets within a listening period.
Proposal 5: subframe #1 can be chosen for network listening for both FDD and TDD.
References
[1] RAN1 Chairman’s Notes for 76bis meeting.

[2] R1-141937, “Evaluation of listening RS patterns”, Huawei, HiSilicon.

[3] TR36.922, TDD Home eNode B (HeNB) Radio Frequency (RF) requirements analysis.
[4] R1-141940, “Discussion on network listening for intra/inter-operator deployment”, Huawei, HiSilicon.
[5] RP-132073, “New WI proposal: Small cell enhancements - Physical layer aspects”, Huawei, CATR, HiSilicon.
[6] R1-141939, “Discussion on network listening with eIMTA”, Huawei, HiSilicon.
[7] TS 36.211, v12.1.0, “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical channels and modulation”.
Appendix: Draft text proposal for listening RS design in TS 36.211

The following provides a description of listening RS design for TS 36.211 [7]  for radio interface based synchronization. In the TP, the proposals in the above conclusions are assumed for the listening RS pattern. In addition, PRS+CRS with one antenna port and TDD special subframe configuration 8 are assumed. 
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3.2

Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

CCE
Control Channel Element

CDD
Cyclic Delay Diversity 

CRS
Cell-specific Reference Signal

CSI
Channel-State Information 

DCI
Downlink Control Information

DM-RS
Demodulation Reference Signal

ECCE
Enhanced Control Channel Element

EPDCCH
Enhanced Physical Downlink Control CHannel

EREG
Enhanced Resource-Element Group
LRS
Listening Reference Signal
PBCH
Physical Broadcast CHannel

PCFICH
Physical Control Format Indicator CHannel

PDCCH
Physical Downlink Control CHannel

PDSCH
Physical Downlink Shared CHannel

PHICH
Physical Hybrid-ARQ Indicator CHannel

PMCH
Physical Multicast CHannel

PRACH
Physical Random Access CHannel 

PRB
Physical Resource Block

PRS
Positioning Reference Signal

PUCCH
Physical Uplink Control CHannel

PUSCH
Physical Uplink Shared CHannel 

REG
Resource-Element Group

SRS
Sounding Reference Signal

VRB
Virtual Resource Block

6.10 
Reference signals

Seven types of downlink reference signals are defined:

-
Cell-specific Reference Signal (CRS)

-
MBSFN reference signal

-
UE-specific Reference Signal (DM-RS) associated with PDSCH

-
DeModulation Reference Signal (DM-RS) associated with EPDCCH

-
Positioning Reference Signal (PRS)

-
CSI Reference Signal (CSI-RS)
-
Listening Reference Signal (LRS)
There is one reference signal transmitted per downlink antenna port.
6.10.6

Listening reference signals

Listening reference signals shall only be transmitted in downlink subframes configured for listening reference signal transmission.
Listening reference signals are transmitted on antenna port 200.
Listening reference signals are defined for 
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6.10.6.1 
Sequence generation

Listening reference signals are composed of two components, component 1 and component 2. The sequence generation of component 1 is as defined in clause 6.10.4.1 for PRS. The sequence generation of component 2 is as defined in clause 6.10.1.1 for CRS.

6.10.6.2 
Mapping to resource elements

The mapping to resource elements for listening reference signals is defined for normal cyclic prefix only. 
The mapping to resource elements of component 1 of listening reference signals is as defined in clause 6.10.4.2 for PRS, where for FDD, 
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, and for TDD, 
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. The mapping to resource elements of component 2 of listening reference signals is as defined in clause 6.10.1.2 for CRS with antenna port 
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, and for TDD, 
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Figures 6.10.6.2-1 illustrates the resource elements used for listening reference signal transmission for the normal CP. The notation 
[image: image12.wmf]200

R

 is used to denote a resource element used for listening reference signals transmission on antenna port 200. 
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Figure  6.10.6.2-1 Mapping of listening reference signals (normal cyclic prefix)

6.10.6.3 
Listening reference signal subframe configuration

The cell specific subframe configuration period 
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 and the cell specific subframe offset 
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 for the transmission of listening reference signals are listed in Table 6.10.6.3-1. The LRS configuration index 
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 is equal to stratum level defined in [10]. The listening reference signal instances shall satisfy 
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. In all of the subframes defined in Table 6.10.6.3-1, PDSCH, PMCH, CSI-RS and positioning RS are not transmitted and CRS is transmitted only in the first two OFDM symbols.
Table 6.10.6.3-1 Listening reference signal subframe configuration

	LRS configuration Index 
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	0
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	1

	1 
	5120
	2561
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	1281
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	6
	5120
	3201

	7
	5120
	4481


--- End of Text Proposal ---
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