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1. Summary
In this contribution, we analyse the special subframe configuration issues considering new UE capability features in Rel-11, and propose a text proposal for consideration. 
In the current TS 36.211 specification, in case multiple cells are aggregated, the UE may assume that the guard period of the special subframe in the different cells have an overlap of at least 
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. With the new UE capability features in Rel-11, such as simultaneous reception and transmission, and multiple timing advances (MTA), the constraint may not be necessary for full-duplex UEs, and may not be sufficient to avoid transmission and reception conflict for half-duplex UEs. 
In RAN1 #71[1], the half-duplex UE behaviour was defined for PCell configured with DL, PCell configured with UL, and PCell configured with special subframe and SCell configured with DL. However, the UE behaviour of both PCell and SCell configured with special subframe is not defined. The special subframe configuration and UE behaviour should be specidied for this case. 
2. Special subframe configuration with TDD carrier aggregation
In TDD-LTE frame structure type 2, a special subframe is needed to switch from DL to UL. A special subframe has three fields DwPTS, guard period (GP) and UpPTS. The length of DwPTS and UpPTS is given by the configuration of special subframe in Table 4.2-1. For TDD carrier aggregation (CA), the following sentence is included in TS 36.211,

“In case multiple cells are aggregated, the UE may assume that the guard period of the special subframe in the different cells have an overlap of at least 
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The sentence was added in Rel-10 for CA with the same TDD configuration and a single timing advance (TA) on all aggregated cells. The overlap of at least 
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 between the GP of the special subframe in the different cells provides time for switching between cells. Thus, some special subframe combinations cannot be supported, e.g. special subframe configuration 4 and 8 cannot be used on different cells in TDD CA.
In RAN1 #71 [1], the half-duplex behaviour was defined for the cases where the PCell and SCell have different subframe configurations. RAN1 should further specify the constraint on the special subframe configuration or UE behaviour for the case where a subframe is configured with special subframe on both PCell and SCell.

3. Special subframe configuration with UE capability considerations
In Rel-11, inter-band TDD CA with different TDD UL-DL configurations is supported as a mandatory feature. Furthermore, new TDD UE capabilities are defined in Rel-11 including

simultaneousRx-Tx and multipleTimingAdvance.

In a typical CA scenario, a UE may be aggregated with a macro cell and a pico cell. The macro cell has a large coverage, thus a larger GP and UpPTS, and a bigger timing advance (TA) value at the UE; the pico cell has very limited coverage, thus a shorter GP and UpPTS, and a very small TA value at the UE. The eNB configures the GP length of a cell based on the maximum TA value, which depends on the cell coverage and the maximum propagation delay.
Considering the UE capabilities of simultaneous reception and transmission and multiple TA support, the current restriction on special subframe structure in TDD CA is no long valid for all Rel-11 UEs.  
First, the assumption of a GP overlap of at least 
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is not necessary for TDD CA with different TDD UL/DL configurations. For TDD CA with different UL/DL configurations, a UE may be configured with special subframe on one cell, and DL on another cell, where GP overlap of at least 
[image: image5.wmf]s

1456

T

×

of the special subframe is not present. Furthermore, no GP overlap restriction is needed for a full-duplex UE. Therefore, the GP overlapping assumption should be removed for TDD CA with different UL-DL configurations. The GP overlap constraint can be maintained for TDD CA with the same TDD UL/DL configurations. 
Proposal 1: 
· In case multiple cells with the same uplink-downlink configuration are aggregated, the UE may assume that the guard period of the special subframe in the different cells have an overlap of at least 
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Secondly, the minimum GP overlap of 
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 does not fully avoid potential collision between UL transmission on one cell and DL reception on another cell for a half-duplex UE, esp. if the UE is configured with multiple TA groups and values. Figure 1 shows an example of a UE aggregated with 2 cells and normal cyclic prefix is used in both UL and DL in all cells. Cell 1 is a macro cell with special subframe configuration 1 and a bigger TA value, Cell 2 is a pico cell with special subframe configuration 4 and a smaller TA value. The overlapping GP region has a length of one OFDM symbol, i.e. 
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, which is more than 
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, but conflicting region still exist due to different TA values. 
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Figure 1. Conflicting region with different special subframe configurations and different TA values

4. Methods to handle potential collision in special subframes for half-duplex UEs
A full-duplex UE may support any combinations of TDD UL/DL configurations and special subframe configurations on different serving cells. The eNB may configure the special subframe configuration that is optimized for each cell without considering the minimum 
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 GP overlap in the special subframes between the cells. 
In case multiple cells are aggregated and if the UE is not capable of simultaneous reception and transmission in the aggregated cells, if the subframe in the primary cell is a special subframe and the same subframe in a secondary cell is a special subframe, new assumptions should be specified for the special subframe configuration and/or half-duplex UE behaviour. For example, it can be left to eNB implementation to ensure there is enough GP overlap considering multiple TA groups. Thus, the restriction of a GP overlap of at least 
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 in current specification may be applied to half-duplex UEs as well.
Moreover, the current agreement on half-duplex operations for different subframe configurations can be extended to the case where special subframe is configured on both PCell and SCell. The PCell should have higher priority on both DwPTS and UpPTS allocation. This combines the in RAN1 #71 agreements for half-duplex UE behaviours for the case PCell is a special subframe and the case SCell is a DL, and the case PCell is an UL and SCell is a DL. 
Proposal 2: the UE is not expected to receive PDSCH/EPDCCH/PMCH/PRS transmissions in the secondary cell in the same subframe, and the UE is not expected to receive any other signals on the secondary cell in OFDM symbols that overlaps with the guard period or UpPTS in the primary cell; and the UE shall not transmit any signal on the secondary cell in OFDM symbols that overlaps with the DwPTS in the primary cell. 
5. Conclusions
Considering UE capabilities of “simultaneousRx-Tx” and “multipleTimingAdvance“, in case multiple TDD cells are aggregated, the special subframe configuration constrains in current TS 36.211 specification should be re-visited. 
The GP overlap may be maintained for TDD CA with the same TDD UL/DL configuration. 
Proposal 1: 
· In case multiple cells with the same uplink-downlink configuration are aggregated, the UE may assume that the guard period of the special subframe in the different cells have an overlap of at least 
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If the subframe in the primary cell is a special subframe and the same subframe in a secondary cell is a special subframe, RAN1 should study the possible collision cases and specify the behaviour for half-duplex UEs. 

Proposal 2: 

In case multiple cells with different uplink-downlink configurations are aggregated and the UE is not capable of simultaneous reception and transmission in the aggregated cells, 
· if the subframe in the primary cell is a special subframe and the same subframe in a secondary cell is a special subframe,  the UE is not expected to receive PDSCH/EPDCCH/PMCH/PRS transmissions in the secondary cell in the same subframe, and the UE is not expected to receive any other signals on the secondary cell in OFDM symbols that overlaps with the guard period or UpPTS in the primary cell; and the UE shall not transmit any signal on the secondary cell in OFDM symbols that overlaps with the DwPTS in the primary cell. 
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Appendix: 

Text proposal for special subframe configuration with TDD CA in TS 36.211
4.2
Frame structure type 2
In case multiple cells with the same uplink-downlink configuration are aggregated, the UE may assume that the guard period of the special subframe in the different cells have an overlap of at least 
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In case multiple cells with different uplink-downlink configurations are aggregated and the UE is not capable of simultaneous reception and transmission in the aggregated cells, the following constraints apply:

-
if the subframe in the primary cell is a downlink subframe, the UE shall not transmit any signal or channel on a secondary cell in the same subframe 

-
if the subframe in the primary cell is an uplink subframe, the UE is not expected to receive any downlink transmissions on a secondary cell in the same subframe

-
if the subframe in the primary cell is a special subframe and the same subframe in a secondary cell is a downlink subframe, the UE is not expected to receive PDSCH/EPDCCH/PMCH/PRS transmissions in the secondary cell in the same subframe, and the UE is not expected to receive any other signals on the secondary cell in OFDM symbols that overlaps with the guard period or UpPTS in the primary cell.

· if the subframe in the primary cell is a special subframe and the same subframe in a secondary cell is a special subframe, the UE is not expected to receive PDSCH/EPDCCH/PMCH/PRS transmissions in the secondary cell in the same subframe, and the UE is not expected to receive any other signals on the secondary cell in OFDM symbols that overlaps with the guard period or UpPTS in the primary cell; and the UE shall not transmit any signal on the secondary cell in OFDM symbols that overlaps with the DwPTS in the primary cell.
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