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1
Introduction
During the RAN1 68bis meeting, the additional special subframe configuration is agreed for normal CP and extended CP separately, and the LS is send out to RAN2/3 to ask for the nessceary signalling and procedure to support special subframe configuration [1] as following

[image: image1]
In this paper, problems and possible solutions to support additional special subframe configuration is discussed.
2
Discussion
2.1
Existing Signaling for TDD configuration
In current LTE system, both TDD UL/DL subframe configuration and special subframe configuration is configured by TDD-Config IE, which is possibly be used in three cases:
1. Broadcasted in SIB1: TDD-Config IE is broadcasted in SIB1 for TDD system, so that TDD UEs can configure with the correct TDD UL/DL subframe configuratrion and special subframe configuration when camping in the cell and accessing to the cell. SIB1 content can changed by modification period, which minimum periodicity is 640 ms.
2. Included in MobilityControlInfo: During handover procedure, TDD-Config is included to indicate UE of the TDD configuration of the target cell.
3. Included in SCellToAddMod-r10: When configure Scell for TDD UE, TDD-Config is included to indicate UE of the TDD configuration in Scell.
TDD UEs will anyway read SIB1 first, so new ssf configuration is possibly to be included in SIB1. Another possibility is to include new ssf configuration in UE dedicate RRC signalling, which can be configured after UE access to the cell and do not need to consider backward compatible issues. On the other hand, it is not appropriate to include new ssf configuration in MobilityControlInfo which is always cause intra-cell handover procedure even if the only purpose is to configure new ssf configuration for new TDD UEs. And it is also not appropriate to include new ssf configuration in SCellToAddMod-r10 which can only configure Scell. Based on above discussion, we have the following observation
Observation #1: New ssf configuration could be inserted in SIB1 or UE dedicated RRC signalling without MobilityControlInfo and SCellToAddMod-r10.
For specialSubframePatterns (ssf configuration) in TDD-Config IE, one problem is that there is no spare value left [2], which is shown in the below:
[image: image2.emf]TDD - Config  information element   --   ASN1START     TDD - Config ::=             SEQUENCE {     subframeAssignment           ENUMERATED {                         sa0, sa1, sa2, sa3, sa4, sa5, sa6},     specialSubframePatterns         ENUMERATED {                         ssp0, ssp1, ssp2, ssp3, ssp4,ssp5, ssp6, ssp7,                         ssp8}   }     --   ASN1STOP  


Thus it is hard to reuse existing ssf configuration signalling and new ssf configuration paramters or new signalling procedure need to be defined.
Observation #2: Existing ssf configuration signalling cannot be reused directly. 
Different with legacy ssf configuration, e.g. for normal CP, the newly introduced ssf (special subframe configuration) 9 (i.e. 6:6:2 for DwPTS:GP:UpPTS) could only be used for new TDD UEs when ssf configuration 5 (i.e. 3:9:2 for DwPTS:GP:UpPTS) is configured for legacy UEs. The motivation is to further increase the resource utilization by using 3 more OFDM symbols for the co-existence scenario of LTE TDD and TD-SCDMA system. Similarly for extended CP, ssf configuration 7 could only be used for new TDD UEs when ssf configuration 4 is configured for legacy TDD UEs. 

Observation #3: For normal CP, ssf configuration 9 could only be used when legacy ssf configuration is 5; For extended CP, ssf configuration 7 could only be used when legacy ssf configuration is 4. 

2.2

Explicitly Signaling Solution
As discussed in previous section, existing ssf configuration signalling cannot be reused directly because of the lack of spare values. Thus new signalling is needed. In the following, two alternatives for explicitly signalling are discussed.

Alternative 1: Extension of TDD-Config IE
One possible solution is to extend current TDD-Config IE to include all ssf configurations for new release UEs, and also define spare values for possible future extension. For example, we can have the TDD-Config IE for new release as in the following:
TDD-Config information element
-- ASN1START

TDD-Config ::=





SEQUENCE {


subframeAssignment




ENUMERATED {












sa0, sa1, sa2, sa3, sa4, sa5, sa6},


specialSubframePatterns



ENUMERATED {












ssp0, ssp1, ssp2, ssp3, ssp4,ssp5, ssp6, ssp7,












ssp8}

}
TDD-Config-R11 ::=




SEQUENCE {


subframeAssignment




ENUMERATED {












sa0, sa1, sa2, sa3, sa4, sa5, sa6},


specialSubframePatterns



ENUMERATED {












ssp0, ssp1, ssp2, ssp3, ssp4,ssp5, ssp6, ssp7,












ssp8, ssp9, spare2, spare1}
}
-- ASN1STOP

Then this TDD-Config-R11 can be included in SIB1 or UE dedicate RRC signalling. This method is the most straightforward way. But because legacy TDD-Config is anyway needed to be included in SIB1 to support the legacy UE, and most of the content of TDD-Config and TDD-Config-R11 is duplicate, this method will bring additional and unnecessary signalling overhead.
Alternative 2: 1-bit switcher for new ssf configuration

Another possible solution is to define 1-bit switching parameter, to indicate whether new ssf configuration is enabled or disabled. Based on the observation 3, there is one-to-one relationship between legacy ssf configuration and new ssf configuration, then when this new ssf configuration is switched on, new release UEs knows which new ssf configuration should be configured based on the legacy ssf configuration. This 1-bit switcher can be defined as following:
-- ASN1START


AddspecialSubframePatterns



{Enabled, Disabled}

-- ASN1STOP
By this method, the relationship between new ssf configurations and legacy ssf configurations is exploited, thus only 1 bit is needed. Compared with alternative 1, the signalling overhead by this method is minimized.
New signalling location

The new defined signalling by alternative 1 or alternative 2 can be included in SIB1 or UE dedicate signalling as in observation 1. If the new signalling is included in SIB1, then signalling overhead needs carefully consideration since SIB1 is broadcast signalling and low MCS is needed for coverage, thus relative more resource is needed. Not to mention the indication of useless or duplicate parameter is totally a resource waste. In this sense, alternative 2 performes better.
If the new signalling is included in UE dedicate signalling, e.g. RRCConnectionReconfiguration message, besides signalling overhead, another issue for alternative 1 is the ssf configuration misalignment between SIB1 and UE dedicate signaling. For example, if SIB1 indicated subframeAssignment is TDD UL/DL subframe configuration #1 but subframeAssignment indicated in TDD-Config-R11 received in RRCConnectionReconfiguration without mobilityControlInfo and SCellToAddMod-r10 is TDD UL/DL subframe configuration #2, UE should regard this as RRC configuration failure and trigger RLF, and some clarification in the spec would be needed. Thus in this sense, alternative 2 is better also when new signalling is included in UE dedicate signalling.
2.3

Implicitly Configuration Solution
From the above analysis, if we assume normal CP, the only difference between ssf configuration #5 and #9 would be that UE is able to receive PDSCH when it configured with #9 but will not try to receive PDSCH if it is configured with #5. So basically, there will be another implicit solution that eNB doesn’t send any signalling but just to let new UE also try to detect DL assignment even if the special subframe configuration is #5. For example, if new release UEs successfully decode the DL assignment, it will regard the ssf configuration is #9; otherwise ssf configuration #5 is assumed. Or new release UE can always assume ssf configuration #9 when legacy ssf configuration is #5. By such method, no signalling needs to be designed and added. The disadvantage of such method is UE needs always blind decoding DL assignment which has a little more power consumption. Another disadvantage is the measurement restriction that UE cannot use CRS in the fourth OFDM symbol for measurement in case the actually ssf configuration is #9.
Based on above discussions and analysis, we slightly prefer explicitly signalling alternative 2, i.e. use 1-bit switcher for additional ssf configuration which is clear and has minimum signalling overhead. 

Proposal 1: Alternative 2 of explicitly signaling, i.e. 1-bit switcher for additional ssf configuration is preferred.

3
Conclusion
Observation #1: New ssf configuration could be inserted in SIB1 or UE dedicated RRC signalling without MobilityControlInfo and SCellToAddMod-r10.
Observation #2: Existing ssf configuration signalling cannot be reused directly. 

Observation #3: For normal CP, ssf configuration 9 could only be used when legacy ssf configuration is 5; For extended CP, ssf configuration 7 could only be used when legacy ssf configuration is 4. 

Proposal 1: Alternative 2 of explicitly signaling, i.e. 1-bit switcher for additional ssf configuration is preferred.
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RAN1 has agreed to add the following new special subframe configurations,


For DwPTS with normal cyclic prefix in downlink, special subframe configuration 9 is added for (DwPTS:GP:UpPTS) = (6:6:2).


For DwPTS with extended cyclic prefix in downlink, special subframe configuration 7 is added for (DwPTS:GP:UpPTS) = (5:5:2).


Following the above agreements, RAN1 will update Table 4.2-1 in TS36.211 into the following:
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RAN1 respectfully requests RAN2/3 to specify the necessary signaling and procedure to support the use of the additional special subframe configurations.
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