3GPP TSG RAN WG1 Meeting #76   
            R1-140594
Prague, Czech Republic, 10th – 14th February 2014 
Source: 
CMCC
Title:

Discussion on intra-operator and inter-operator synchronization for small cell enhancement
Agenda Item:
7.2.4.3
Document for:
Discussion and Decision

1. Introduction 
In Rel-12 Study Item phase, the feasibility and benefits of radio-interface based synchronization mechanisms for small cell operation efficiency had been addressed, including synchronization motivations, scenarios, solutions, as well as link-level and system-level evaluations for network listening synchronization accuracy [1]. 
Based on plenty of discussions and also simulation inputs from operators and vendors, RAN #62 plenary finally decided to include the radio-interface based synchronization into Rel-12 Work Item Description and specify the down-selected solutions, considering both of intra-operator synchronization, as well as its possible applicability to inter-operator TDD deployment in the same band [2]: 
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This contribution discusses intra-operator solutions for the radio-interface based synchronization enhancement focused on the typical scenarios, and presents some considerations on inter-operator synchronization, including the scenarios and requirements among different TDD operators, as well as the possible challenges.
2. Enhancements for intra-operator synchronization
2.1. Scenarios for radio-interface based synchronization
Synchronization of the small cell layer and between small cells and the macro cell layer provides many benefits [3], e.g., 
· To avoiding inter-cell TDD UL/DL interference 
· Beneficial for inter-cell interference cancellation (ICIC) 
· Beneficial for implementation of existing features to the Rel-12 small cells, e.g., CoMP  
· Help to acquire the synchronous discovery RS
There are several kinds of synchronization mechanisms, e.g., GNSS, IEEE 1588v2 or network listening based on the radio interface. Network listening based on radio interface, i.e., a small cell listening to another synchronized reference, e.g., a macro cell or an already synchronized small cell, with the help of radio- interface based signals, can be used for various small cell deployment scenarios, e.g., indoor/outdoor, ideal/non-ideal backhaul. Thus, RIBS can be considered as a common solution for synchronization.
Considering intra-operator’s deployment, two typical scenarios on radio-interface based synchronization should be taken into account for the small cell enhancement, i.e., synchronization within the small cell cluster and between the small cell clusters. 
· Synchronization within the cluster
Synchronization within the small cell cluster based on the radio-interface solution is an important scenario since multiple small cells are usually deployed in the same area, e.g., in the enterprise offices or high buildings, and GPS/IEEE1588v2 may be not available for such scenario. Each small cell within the cluster selects a cell, e.g., a macro cell or an already synchronized small cell, with acceptable received signal quality and small synchronization stratum level as its source cell. Especially, in the case of small cells with dense deployment, the multiple-hop synchronization should be supported, as shown in Fig.1.
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Fig.1 Synchronization within the small cell cluster

· Synchronization between clusters
Synchronization between small cell clusters based on the radio-interface solution is another important scenario to be studied, considering two overlapped small cell clusters may catch the synchronization reference timing from two different macro eNBs. As shown in Fig.2, the small cells near the border of two different clusters need to be synchronized, otherwise, they might interfere with each other if the accumulated timing error and propagation delay between them are large than +/-3us because of  multiple hops. 
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Fig.2 Synchronization between small cell clusters when two clusters are overlapped
2.2. Possible solutions for radio-interface based synchronization
2.2.1. Stratum levels 

In the case of multi-hop synchronization for the Rel-9 HeNB, the concept of synchronization stratum level has been introduced [4], i.e., the synchronization stratum level of a particular HeNB is defined as the number of hops between the HeNB and the GPS source or a macro eNBs. It has been considered in RAN3 that, the Time Synchronization Info IE is used for signalling the stratum level (INTEGER (0..3, …)) as well as the synchronization status (ENUMERATED (Synchronous, Asynchronous)) for the over-the-air synchronization using network listening , therefore, two-bit S1 signals are enough to indicate the synchronization stratum levels supporting the maximum 3 hops [5]. 
However, according to link-level as well as system-level evaluations for Rel-12 small cell scenarios with denser deployment, e.g., scenario 2b and scenario 3, a non-negligible percent of small cells cannot meet the relative SINR threshold for 3us synchronization requirement under the limitation of 3 hops [6]. Therefore the existing radio-interface based synchronization should be enhanced to support the maximum stratum level beyond 3 hops, e.g. 4 to 6 hops, and the number of hops configured in the network is dependent on scenarios. 
On the other hand, the HeNB may periodically track one or more signals from the source cell (e.g. PSS/SSS, CRS, PRS) to maintain its synchronization, and two fully backward compatible schemes for tracking the CRS have been proposed in the 3GPP TR 36.922, one that uses MBSFN subframes and one that uses the guard period (GP) in TDD special subframes to perform network listening from the source cell.

However, the current RAN3 mechanism is based on the backhaul signals and the source cell cannot provide any information on listening RS configuration, so that the slavery cell has to search target source cells’ listening RS blindly, which might bring collisions if the source cell and the slavery cell are from different vendors and the listening RS configurations are different, such as the subframe configuration for transmitting listening RS and sniffing the listening RS, as well as the data muting. 
To deal with the issues above, the enhancements for radio-interface based synchronization could be considered from two aspects:
· Number of stratum levels should be improved
Simulation results show that, in some dense scenarios, it is necessary to support multiple stratum levels beyond 3 hops, e.g. 4 to 6 hops. And the number of hops configured in the network is dependent on scenarios [1]. Therefore, the current specification which only supports 3 hops should be extended to more.
· How to indicate stratum levels to next hop?
· Option 1: extending the existing backhaul signalling to support larger synchronization hops, e.g., 4-6 hops
For example, the backhaul signalling, i.e., the stratum level, on the current S1 interface can be extended to 3 bits (INTEGER (0..7, …) supporting maximum 7 hops. 
· Option 2: delivery the stratum level, e.g., supporting 4-6 hops, on PHY layer by radio-interface based mechanism 
By this way, delivery of the stratum levels by introducing a new RS over-the-air, and bundling the stratum levels into the new RS configuration implicitly is a possible way. An alternative is to introduce a new L1 signalling to indicate the stratum levels in physical layer, such as a new DCI or common control channel design. 
It seems that the option 1, i.e., extending the existing backhaul signalling to support larger synchronization hops, is a straight way to enhance the stratum levels especially in intra-operator scenario, and with relatively low specification impacts, therefore, it could be considered as a starting point, while the option 2, i.e., either introducing a new RS or a new L1 signalling over the air will bring some additional complexity.
Proposal 1: Radio-interface based synchronization enhancement to support multiple stratum levels beyond 3 hops is necessary, and extending the existent backhaul signalling to support larger stratum levels could be considered as a starting point.
2.2.2. RS configuration
· Listening RS configuration enhancement
At the same time, the listening RS configuration, including the data muting configuration, could be informed to the small cells either in an explicit way or an implicit way:   
· Alternative 1: For the explicit way, signals to inform the flexible listening RS configuration need to specified, including the subframe configuration for transmitting listening RS and sniffing the listening RS, data muting pattern and other configurations.

· Alternative 2: For the implicit way, pre-definition of the relationship between the listening RS configuration and the stratum levels, possibly other configurations, e.g., cell ID, needs to be specified. The RS configuration can be considered to include subframe configuration for transmitting listening RS and sniffing the listening RS, data muting pattern and other configurations.
Proposal 2: If the backhaul signalling for stratum levels is provided to the eNB, then explicit signalling which indicates RS configurations can be considered.
2.3. Other issues of RIBS schemes
With enhancement for the stratum level and listening RS configuration, the HeNB solutions using MBSFN subframes or using the guard period (GP) in TDD special subframes to perform network listening could be extended to support multiple hops at the small cell scenarios, however, there are still some issues to be solved for the intra-operator synchronization: 
· Applicability of the schemes to other small cell features, such as small cell on/off and eIMTA, and the mechanism for the synchronization collision avoidance as well as the interference coordination should be addressed: 
· If dynamic on/off is enabled, small cells might switch from active mode to dormant mode and cause some synchronous small cells to lose the reference timing. As shown in Fig.3, switching small cell 1 from active mode to dormant mode, it will lead some synchronous small cells, e.g., small cell 2 and small cell 3, to lose the reference timing, and then cause the UL-DL interference with each other. Therefore, the mechanism of the multiple-hop synchronization should be able to rebuild the stratum levels in a time efficient manner. 
                    [image: image4.emf] 

Small cell 3

 

Synchronized  

eNB

GPS

   

dynamic on/

off switching

Small cell 1

Small cell 2


Fig.3 dynamic on/off switching of small cells
Besides rebuilding the synchronization stratum levels, an alternative is to allow the dormant cells to keep transmitting the synchronization RS. In this way, the stratum levels in the small cell cluster won’t to be broken regardless the source cell is dormant or not. 
· If eIMTA is enabled, the dynamic TDD reconfiguration will break the relationship between listening RS configuration and the stratum levels, and then lead to the UL-DL interference. In this case, the reconfiguration of UL-DL configuration for small cells in the same cluster should be simultaneous, and the reconfiguration should be informed to all neighbouring clusters to coordinate the listening RS configuration and mitigate the collision. 
· Applicability of the schemes to different vendors: for the small cell deployment within the same operator, the products of macro eNBs or small cells might be from different vendors. In the Rel-9 HeNB WI, though the Time Synchronization Info IE including the stratum level and the synchronization status for radio- interface based synchronization had been specified in RAN3, the network listening solutions as well as the listening RS configuration either in MBSFN subframes or in the GP of the TDD special subframes were not specified yet. If different vendors use different solutions or listening RS configuration for small cells, collisions and inter-cell interference are inevitable. Therefore, cooperative network listening configuration among small cells from different vendors is also needed, and at least in the same region for an operator’s network, it's better to keep different vendors with the same synchronization schemes and the listening RS configuration.

· Applicability of the schemes to the TDD configuration 0: using MBSFN subframes to perform network listening is not suitable for this case since the DL #0 and #5 subframes cannot be configured as MBSFN subframes in the type 2 frame structure; and using the GP in TDD special subframes to perform network listening from the source cell’s DwPTS is not optimized for the case more than 2 hops. Two alternatives could be considered:
· Alternative 1: Configuring a longer GP in the TDD special subframes and transmitting the listening RSs in the source cell’s GP, and then using the GP in the slavery cell to perform network listening from the source cell’s GP. 
· Alternative 2: Configuring some UL subframes as DL (MBSFN) subframes to carry the listening RS and perform network listening as well as muting, which has less impacts on the legacy UEs.

Proposal 3: Several enhancements for the intra-operator synchronization need to be supported:

· Support of the schemes to other small cell features, e.g., small cell on/off and eIMTA.

· Support of the schemes to different vendors.
· Support of the schemes to the TDD configuration 0.
3. Considerations on inter-operator synchronization 
3.1. Scenarios and requirements for inter-operator synchronization
As described in Rel-12 WID on small cell PHY layer enhancement, for the deployment among the cells of different TDD operators deployed in the same band and same region, mechanisms to facilitate inter-operator synchronization should be considered. 
One example of the application scenarios is for operators who operate the TDD system on the same band. In that sense, inter-operator synchronization can mitigate the adjacent channel interference from another operator, as shown in Fig.
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Fig.4 Synchronization between different TDD operators
· Inter-operator synchronization scenario from geographic perspective
Inter-operator synchronization focuses on the scenarios that different TDD operators are co-deployed in the same band or adjacent band at the same region in order to minimize the inter-operator TDD UL-DL interference, including:
· Synchronization between operator A’s small cells to operator B’s macro eNBs
One possible scenario is that operator A deploys TD-LTE on small cells as hotspots for coverage enhancement or capacity improvement. In the case of small cells overlaid coverage with another TD-LTE operator B’s macro eNBs in adjacent band and at the same region, the small cells of operation A has to catch the synchronization timing from the operator B’s macro eNBs with high priority if it’s available. Otherwise, the small cells of operator A and macro eNBs of operator B will interfere with each other. 
· Synchronization between different operators’ small cells
The TDD UL-DL interference exists if different operators’ small cells are deployed in the same band or adjacent band at the same region, e.g., operator A and operator B’s TD-LTE small cells co-deployed indoor and cannot listen to the synchronization reference signals from GNSS or outdoor macro eNBs. In this case, the small cell as the primary synchronization source in someone operator has to network listen to the reference timing from another operator’s small cell.
· Synchronization between different operators’ macro eNBs
In the case of co-deployment of two different TD-LTE operators at the adjacent band outdoor, even macro eNBs might be interfered by another operator’s macro eNBs due to the adjacent channel leakage if they are not well synchronized. According to the results of the TD-LTE spectrum allocation, this synchronization scenario between macro eNBs is suggested to be considered together with the one for small cells. 
Proposal 4: Inter-operator synchronization focuses on the scenarios that different TDD operators are co- deployed in the same band or adjacent band at the same region, including:
· Synchronization between operator A’s small cells to operator B’s macro eNBs 
· Synchronization between different operators’ small cells 
· Synchronization between different operators’ macro eNBs 
· Inter-operator synchronization requirement 
It’s natural to think that, different TDD operators can catch the common reference timing from the GNSS, e.g., GPS, and even though the GNSS is not available, different TD-LTE operators needn’t to synchronize with each other if there is an enough guard band between them because of no TDD UL-DL interference. Therefore, the requirement of inter-operator synchronization is mainly launched by no enough guard bands between different TDD operators when the GNSS, e.g, GPS, is not available. 
Solutions for inter-operator synchronization should be addressed at least based on the following requirements: 
· Proposal 5: The TDD operator can provide its synchronization reference timing as the primary synchronization source for other TDD operators.
· Proposal 6: The TDD operator is able to hear from other TDD operators and to judge whether the target eNBs from another operator is synchronized to its own eNBs or not.
3.2.  Enhancement for inter-operator synchronization
Based on above scenarios and requirements for the inter-operator synchronization, some open issues need to be considered as follows: 
· Signalling alternatives. Since there is neither existing backhaul interfaces, e.g., S1 or X2, nor a radio interface among the different operations, the issue on inter-operator synchronization seems to be more complicated than that on intra-operator synchronization. Network listening between operations may need to introduce a new backhaul interface, or possibly need a new RS or PHY signalling design, which might bring additional specification impacts.
· Synchronization accuracy. Moreover, according to the current TR, the small cell synchronization timing accuracy within an operator network should keep no larger than +/-3us for the reason of the backward compatibility. In our understanding, the accuracy requirement greatly depends on target scenarios. For example, if the main scenario for inter-operator synchronization is the same band and the same region, keeping +/-3 us is preferred.
· A common solution. It is well known that, Rel-9 has defined the network listening mechanism for the TDD HeNB, however, the macro eNBs doesn’t have the sniffer function over the air. Considering inter- operator synchronization scenario for different operators’ macro eNBs cannot be precluded, it’s better to specify a common synchronization solution for both of the macro eNBs and small cells, and also, for both of the co-deployed TDD operators in the same band or in the adjacent band, which also needs to be FFS.  
4. Conclusion
In this contribution, the intra-operator solutions for the radio-interface based synchronization enhancement are discussed, and some considerations on inter-operator synchronization are also presented, including scenarios, requirements as well as several challenging issues to be FFS. 
Considering intra-operator synchronization, it is proposed that:
Proposal 1: Radio-interface based synchronization enhancement to support multiple stratum levels beyond 3 hops is necessary, and extending the existent backhaul signalling to support larger stratum levels could be considered as a starting point.
Proposal 2: If the backhaul signalling for stratum levels is provided to the eNB, then explicit signalling which indicates RS configurations can be considered.
Proposal 3: Several enhancements for the intra-operator synchronization need to be supported:

· Support of the schemes to other small cell features, e.g., small cell on/off and eIMTA.

· Support of the schemes to different vendors.
· Support of the schemes to the TDD configuration 0.
Considering inter-operator synchronization, it is proposed that:
Proposal 4: Inter-operator synchronization focuses on the scenarios that different TDD operators are co- deployed in the same band or adjacent band at the same region, including:
· Synchronization between operator A’s small cells to operator B’s macro eNBs 
· Synchronization between different operators’ small cells 
· Synchronization between different operators’ macro eNBs
Proposal 5: The TDD operator can provide its synchronization reference timing as the primary synchronization source for other TDD operators.
Proposal 6: The TDD operator is able to hear from other TDD operators and to judge whether the target eNBs from another operator is synchronized to its own eNBs or not.
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For small cell efficient operation enhancement, small cell on/off with discovery enhancement and radio-interface based synchronization were investigated and evaluated comprehensively, with the following observations: 


It is beneficial to support radio interface based inter-cell synchronization for cases when other methods such as GNSS or synchronization over backhaul are not available. Network listening solutions have been considered and evaluated. For the deployment among the cells of different TDD operators deployed in the same band and same region, mechanisms to facilitate inter-operator synchronization should be considered.


Efficient radio interface based inter-cell synchronization, i.e. network listening, in single-carrier or multi-carrier operation, with specifying the down-selected solutions  


Be 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.


Improve the achievable synchronization accuracy based on existing RSs, e.g. by improving the hearability of received RS for network listening at the target cells


It should be applicable to small cell on/off and eIMTA, and inter-operator TDD deployment in the same band








7/7

_1426487191.vsd

_1426487651.vsd

