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1 Background
In R2-1815706, RAN2 tasked RAN1 and RAN4 to determine whether simultaneous transmission/reception of UL and DL physical channels are possible under different assumptions of:
	- Synchronization (sync or async deployments)
	- Inter/intra frequency
	- Same/different bandwidth in source and target CC
In the remaining of the paper, we present our views on the different combinations of these parameters, and what approaches could be used to support simultaneous transmission/reception under the different scenarios
2 General analysis
For some of the cases in the LS, it can be readily seen that they are supported by finding an “equivalent” in current specifications (either based on CA or DC) for some others, it needs further study.

Table 1 Equivalence with currently supported modes
	
	Intra-frequency
	Inter-frequency

	Sync
	[bookmark: _GoBack]For simultaneous transmission, the closest equivalence would be simultaneous transmission of physical channels (e.g. PUSCH/PUCCH), PUSCH with resource allocation type 1 (2-cluster PUSCH), or UL-MIMO.
	Depending on the degree of sync, this can be seen (from PHY) to be equivalent to CA or DC from both Tx and Rx perspective. This requires dual Tx/Rx. This should apply regardless of bandwidth of source/target cell are the same or different.

	Async
	Not supported currently.
	This can be seen (from PHY) to be equivalent to DC from both Tx and Rx perspective. Simultaneous transmission/reception requires dual Tx/Rx. This should apply regardless of bandwidth of source/target cell are the same or different.



Proposal 1: From RAN1 perspective, the following cases:
	- Inter-frequency with sync/async deployment, with same/different bandwidth
are supported for UEs with multiple Tx/Rx, and can be found to be equivalent (from PHY point of view) to DC/CA.
Note that, in general, most current UEs support carrier aggregation and thus should be able to support at least a subset of the cases above. In general, however, this would require that some “resources” are released in the source eNB before the handover procedure starts, such that those resources are available for communication with the target eNB.
Proposal 2: To have simultaneous tx/rx with source/target eNB, the UE may need to reduce its transmit/receive resources in the source eNB to free UL/DL resources, including:
	- Reducing number of aggregated carriers/bands
	- Reducing number of MIMO layers (in both uplink and downlink)

3 Analysis of intra-frequency cases – DL
The case of receiving from multiple eNBs in the same frequency has an interference issue, especially in loaded cells. However, if the UE has available resources, this reception should be feasible – albeit at low data rates.
In Figure 1 we present two potential options to implement intra-frequency reception in the DL:


Option 1: In this option, the baseband samples (from RF) are routed to two different baseband processors, that may perform different operations (e.g. in terms of FFT window setting, loops, etc.). Processing the DL from two eNBs requires, in general, more baseband processing power than receiving from a single eNB, so the CA/MIMO configuration of the UE may need to be reduced in the source (as depicted above). The limitations with this approach are:
	- If the UE has some of the loops running in the RF side, it may not be able to correctly operate in scenarios of high doppler.
	- Issues regarding AGC settings (including when to adjust the AGC – usually done between subframes to avoid impact to PDSCH, and how to adjust it – since now we are processing different eNB that may see different pathloss) should be studied by RAN4.
	- Under this option, the bandwidth of source and target cell may need to be the same.

Option 2: In this option, the UE has an ‘spare’ RF chain that can be used to receiving in the same frequency. This would require freeing that RF chain from CA operation and repurposing it during the handover. This option removes the drawbacks of AGC/loops, since now both chains can be (in principle) adjusted independently.

Proposal 3: From RAN1 perspective, it is feasible to support simultaneous reception in intra-frequency case at least for UEs with multiple Rx. RAN4 to confirm this case, and under what conditions it is feasible.
NOTE: Multiple Rx may include the capability of sharing a common RF but separate baseband resources.

4 Analysis of intra-frequency cases -- UL
The case of intra-frequency transmission may be more complicated to assess from RAN1 perspective due to the interactions with RF. In general, a UE supporting UL MIMO is capable of transmitting two streams of data simultaneously (albeit with similar power and same timing advance), and thus should be able to use those resources to communicate with two eNBs simultaneously.

Proposal 4: RAN4 should consider the feasibility of the following:
	- Support of intra-frequency transmission for UEs supporting UL MIMO, at least for the case where source and target eNB require similar power, same timing advance, and same cell bandwidth.
	FFS: async and different power/bandwidth.


5 Summary

Proposal 1: From RAN1 perspective, the following cases:
	- Inter-frequency with sync/async deployment, with same/different bandwidth
are supported for UEs with multiple Tx/Rx, and can be found to be equivalent (from PHY point of view) to DC/CA.

Proposal 2: To have simultaneous tx/rx with source/target eNB, the UE may need to reduce its transmit/receive resources in the source eNB to free UL/DL resources, including:
	- Reducing number of aggregated carriers/bands
	- Reducing number of MIMO layers (in both uplink and downlink)

Proposal 3: From RAN1 perspective, it is feasible to support simultaneous reception in intra-frequency case at least for UEs with multiple Rx. RAN4 to confirm this case, and under what conditions it is feasible.
NOTE: Multiple Rx may include the capability of sharing a common RF but separate baseband resources.

Proposal 4: RAN4 should consider the feasibility of the following:
	- Support of intra-frequency transmission for UEs supporting UL MIMO, at least for the case where source and target eNB require similar power, same timing advance, and same cell bandwidth.
	FFS: async and different power/bandwidth.
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