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1. Introduction

In this contribution, we discuss the issues for carrier aggregation (CA) when the configured component carriers (CCs) have different UL/DL transmission direction in the same slot.


2. Carriers with different UL/DL transmission configuration
In CA, the CCs configured to an UE may have different UL/DL ratio in the same slot. For intra-band contiguous CA, UE may use the same RF chain for transmission and reception on two contiguous CCs. In this case, UE cannot simultaneously perform transmission on one CC and receptions on another CC which shares the same RF chain. For inter-band CA, some UEs may not perform simultaneously transmission on one CC and reception on another CC due to the constraint on complexity or power consumption. Thus UE behavior should be specified when different transmission directions are configured for different CCs. Figure 1 shows the cases when the PCell and SCell have different slot format configurations. In Figure 1(a), PCell and SCell have the same subcarrier spacing. In Figure 1(b), the subcarrier spacing of SCell is larger than that of PCell and in Figure 1(c) the subcarrier spacing of SCell is smaller than that of PCell. For each case, the UE does not transmit anything in the OFDM symbols on the SCell which are fully or partially overlapped with the DL transmission on PCell in a reference symbol duration. The reference symbol duration is defined as the time duration of an OFDM symbol in the PCell. 
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Figure 1 Examples of different UL/DL transmission directions between PCell and SCell.
Therefore, we have

Proposal 1. If the OFDM symbols of the aggregated cells have different UL/DL transmission directions at a given time in unpaired spectrum and UE is not capable of simultaneous reception and transmission at the same time, following constraints should apply
· For a given reference symbol duration,
· If the transmission direction of PCell in the reference symbol duration is DL, the UE shall not transmit any signal or channel in one or more OFDM symbols on a SCell which are fully or partially overlapped with the reference symbol duration.

· If the transmission direction of PCell in the reference symbol duration is UL, the UE is not expected to receive any downlink transmissions in one or more OFDM symbols on a SCell which are fully or partially overlapped with the reference symbol duration.
· The reference symbol duration is the time duration of an OFDM symbol in the PCell.

The text proposal for proposal 1 is shown below.
--------------------------------------- begin of the text proposal in Section 4.5 38.211 --------------------------------------------
4.5
Carrier aggregation
Transmissions in multiple cells can be aggregated where up to fifteen secondary cells can be used in addition to the primary cell. Unless otherwise noted, the description in this specification applies to each of the up to sixteen serving cells. 
In case multiple cells with different downlink/uplink transmission directions at a given time are aggregated in unpaired spectrum and the UE is not capable of simultaneous reception and transmission at the same time, the following constraints apply:
For a given reference symbol duration,
-
if the transmission direction of the primary cell in the reference symbol duration is downlink, the UE shall not transmit any signal or channel in one or more OFDM symbols on a secondary cell which are fully or partially overlapped with the reference symbol duration.
-
if the transmission direction of the primary cell in the reference symbol duration is uplink, the UE is not expected to receive any downlink transmissions in one or more OFDM symbols on a secondary cell which are fully or partially overlapped with the reference symbol duration.
where the reference symbol duration is the time duration of an OFDM symbol in the primary cell.
--------------------------------------- end of the text proposal in Section XXX 38.211    --------------------------------------------
Proposal 2. Add “simultaneous reception and transmission on different bands for each band combination for intra-band and inter-band CA,” into the NR feature list and make it optional.

Proposal 3. FFS simultaneous reception and transmission for aggregated cells in both paired spectrum and unpaired spectrum.


3. Conclusion
From above discussions, we have
Proposal 1. If the OFDM symbols of the aggregated cells have different UL/DL transmission directions at a given time in unpaired spectrum and UE is not capable of simultaneous reception and transmission at the same time, following constraints should apply

· For a given reference symbol duration,
· If the transmission direction of PCell in the reference symbol duration is DL, the UE shall not transmit any signal or channel in one or more OFDM symbols on a SCell which are fully or partially overlapped with the reference symbol duration.

· If the transmission direction of PCell in the reference symbol duration is UL, the UE is not expected to receive any downlink transmissions in one or more OFDM symbols on a SCell which are fully or partially overlapped with the reference symbol duration.
· The reference symbol duration is the time duration of an OFDM symbol in the PCell.

Proposal 2. Add “simultaneous reception and transmission on different bands for each band combination for intra-band and inter-band CA,” into the NR feature list and make it optional.

Proposal 3. FFS simultaneous reception and transmission for aggregated cells in both paired spectrum and unpaired spectrum.
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