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1. Introduction
In RAN2 #97bis meeting, a LS[1] on feasibility of DC-related mobility enhancements in NR was sent to RAN1 and RAN4, and some questions about intra-frequency DC were asked, duplicated as below,
	1. Overall Description:

RAN2 is considering mobility enhancement based on DC framework to achieve 0ms interruption time. The target cell will be added as a PSCell which will be configured as PCell to complete the handover. This could be intra-frequency DC applicable for all supported frequency bands for NR for both synchronous and asynchronous cases (i.e. same as LTE dual connectivity). Therefore, RAN2 would like to ask RAN1 and RAN4 on the feasibility of simultaneous transmission and reception from two cells in NR.

Q1: Is it feasible that the UE performs simultaneous reception from two intra-frequency cells in either synchronous or asynchronous network with single or dual RF chains?

Q2: Is it feasible that the UE performs simultaneous transmission to two intra-frequency cells in either synchronous or asynchronous network with single or dual RF chains?

Q3: Do the answers to Q1-Q2 change depending on the frequency bands?

2. Actions:

To RAN1 and RAN4 groups.

ACTION: 
RAN2 respectfully asks RAN1 and RAN4 groups to provide answers to the questions listed above.


The questions contained some aspects, e.g. Sync or Async, single or dual RF chains, and UL or DL, and some of them may impact the feasibility of intra-frequency DC while others may not; there were some discussion in last RAN4 #83 meeting, however no consensus was achieved eventually. But one LS was sent out by RAN1 on this issue [2]; duplicated as below,

	1. Overall Description:

RAN1 would like to thank RAN2 on the questions related to mobility enhancement based on DC framework to achieve 0ms interruption time. RAN1 has concluded the following to the questioned asked by RAN2.
Q1: Is it feasible that the UE performs simultaneous reception from two intra-frequency cells in either synchronous or asynchronous network with single or dual RF chains?

A1:  From RAN1 perspective, it may be feasible to simultaneously receive signals from two intra-frequency cells in synchronous and asynchronous networks for UE with dual RF chains and antennas. For synchronous and asynchronous networks for UE with a single RF chain case, RAN1 has not concluded and assumes that it is up to RAN4
Q2: Is it feasible that the UE performs simultaneous transmission to two intra-frequency cells in either synchronous or asynchronous network with single or dual RF chains?

A2: From RAN1 perspective, it may be feasible to simultaneously transmit signals to two intra-frequency cells in synchronous and asynchronous networks for UE with dual RF chains and antennas. For synchronous and asynchronous networks for UE with a single RF chain case, RAN1 has not concluded and assumes that it is up to RAN4
Q3: Do the answers to Q1-Q2 change depending on the frequency bands?

A3: From RAN1 perspective, answers to Q1-Q2 may change depending on the frequency bands, e.g. high frequency bands when the UE only has a single antenna panel for beamforming. However, it should be noted that signal transmission and reception relevance to frequency bands is ultimately determined by RAN4. 


So in this contribution the feasibility is analysed from different dimensions and the corresponding answers to the comments in last meeting are drawn based on the analysis and the conclusions in RAN1.
2. Discussion on feasibility of intra-frequency DC
Since in RAN2 LS, single and dual RF chains were mentioned in the conditions, but actually there might be three RF chain conditions here,

(1)Single RF chain with single PLL and VCO 
(2)Dual RF chains with shared PLL and VCO (single IC)
(3)Dual RF chains with separated individual PLL and VCO (dual IC)
And furthermore, as discussed in last RAN4 meeting, the number of iFFT/FFT is also one aspect which shall be taken into account, however, the number of iFFT/FFT used at UE is most likely an implementation dependent issue.
The following discussion will be based on the above conditions.
2.1. Simultaneous reception from two intra-frequency cells 
(1)Single RF chain with single PLL and VCO 
(AGC issue:

For intra-frequency DC in synchronous case, single PLL and VCO can be used for two received signals since they are on the completely same frequency, then baseband models may process the interested signals separately. However, one of the issues may be on the AGC for these two intra-frequency cells. The AGC function may also be identical for these two cells, which cannot accommodate in amplifier for either one if the received signal powers from these intra-frequency cells are quite different, that is, if single RF chain is used, amplifier in AGC function cannot adjust for both two serving cells, and that means intra-frequency DC in synchronous case is not feasible if UE implement single RF chain. For intra-frequency DC in asynchronous case, although the timing of the Rx signals are different (e.g. 500us), one PLL and VCO can still handle these two signals since the carrier frequency are same. 
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Figure 1. Single RF chain with single PLL and VCO for DL

Some companies commented on the power imbalance on these two DC carriers, and it is up to the network deployment and the HO parameter setting. For instance, if the A3-offset is 3dB for HO purpose, the PCell may add a target as PScell which is 3dB higher than the current PCell, and in this case the power imbalance might be 3dB between two DC carriers. In addition, the AGC tolerance is also implementation specific, i.e. AGC function of some UE may be able to handle 3dB imbalance but some may not. So if consider from the worst case, we think that the single RF chain case cannot work well on AGC in this intra-frequency DC scenario.
(Multiple FFT issue:
The synchronous and asynchronous receptions may have big different on number of FFT for UE implementation in this intra-frequency DC scenario. For asynchronous reception (e.g. 500us timing difference between PCell and PScell DL timing), UE may use two FFT to decode the signals from PCell and PSCell, and how to use multiple FFT is up to UE implementation. However, this might not be a problem to UE implementation, since in NSA NR DC UE is always be able to use multiple FFT to receive data from two serving cells. So support multiple FFT in asynchronous intra-frequency DC case is not a problem from UE perspective.
(Rx beamforming issue:

As raised by other companies in last RAN4 meeting, the signals from two non-collocated cells may not fit the same Rx beam at UE side, and it may introduce interruption for signal reception due to the Rx beam switching. Even though it may still possible to support two directions Rx beam to receive signals from PCell and PScell by using the digital beamforming or by using TDM beamforming for two cells, we shall consider the worst case here, i.e. analogy beamforming and non-TDM, to check the feasibility; and therefore single RF chain cannot support simultaneous Rx beamforming for two different directions of PCell and PScell in intra-frequency DC scenario.
Observation 1: intra-frequency downlink DC in synchronous/asynchronous case is not feasible if UE implement single RF chain.
(2) Dual RF chains with shared PLL and VCO (single IC)
In the legacy LTE, the interruption of PSCell addition/release is duplicated as below,

When a PSCell is added or released as defined in [2] the UE is allowed an interruption of up to 1 subframe on PCell and the activated SCell in MCG if configured during the RRC reconfiguration procedure [2] in synchronous dual connectivity. This interruption is for both uplink and downlink of PCell. 
The UE is allowed an interruption of up to 2 subframes on PCell and the activated SCell in MCG if configured during the RRC reconfiguration procedure [2] in asynchronous dual connectivity. This interruption is for both uplink and downlink of PCell.
Addition/release of PSCell may need the PLL/VCO adjustment to accommodate for two difference frequency serving cells, which will cause interruption to the other serving cells. However, intra-frequency DC is working on two serving cells with same carrier frequency, then PLL/VCO doesn’t need to adjust for addition/release of PSCell. 
(AGC issue:
Unlike single RF chain case, since two RF chains (two AGC blocks) are used, there might be no issue for AGC adjustment for intra-frequency DC cells.  No difference on interruption is observed for synchronous and asynchronous cases, since PLL/VCO are relevant to the frequency of signals.
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Figure 2. Dual RF chains with shared PLL and VCO (single IC) for DL
(Multiple FFT issue:

This issue is nothing to do with the RF chain number. So the conclusion here is same as the one in single RF chain case, that is, supporting multiple FFT in asynchronous intra-frequency DC case is not a big problem from UE perspective.

(Rx beamforming issue:

Different RF chains may implement different Rx beamforming vectors at antenna side for both digital and analogy beamforming, and that mean UE may be likely to support simultaneous Rx beamforming from different directions, which is quite different from single RF chain case; and therefore dual RF chains may support simultaneous Rx beamforming for two different directions of PCell and PScell in intra-frequency DC scenario.
Observation 2: intra-frequency downlink DC in synchronous/asynchronous case is feasible if UE implement dual RF chains with shared PLL and VCO (single IC).

(3) Dual RF chains with separated individual PLL and VCO (dual IC)
Since no feasibility issue is observed for shared PLL and VCO case based on the above analysis, it shall not be any issue by using dual RF chains with separated individual PLL and VCO (dual IC).

Observation 3: intra-frequency downlink DC in synchronous/asynchronous case is feasible if UE implement dual RF chains with separated individual PLL and VCO (dual IC).

2.2. Simultaneous transmission to two intra-frequency cells 
(1)Single RF chain
For intra-frequency DC in synchronous case, single VCO can be used to maintain the frequency for two Tx signals since they are on the completely same frequency. Moreover, for synchronous case, the TA and autonomous timing adjustment for these two signals are same as well. No interruption will be introduced for addition/release the PSCell in this case, but the only potential issue is the Tx power allocation for these two signals since the assumption here is quite different from the legacy DC, e.g. PCell and PSCell are on the same frequency same carrier. 
Moreover, at eNB side the interference level might be increased sine two intra-frequency signals are received from the same source UE. However, since eNB may have stronger decoding performance than UE and the power allocation may not too much differ between two UL serving cells, the interference level at eNB might be not a big problem. Of course, the power allocation mechanism shall be checked in RAN1, and if there is no issue in transmission power allocation, then there might be no any other issue from RAN4. And in RAN1 approved LS[2], it seems RAN1 didn’t observe any issue on power allocation, so we can ignore this aspect in our analysis.
For intra-frequency DC in asynchronous case, although the timing of the Tx signals are different (e.g. 500us) or the TA for Tx signals are different, one VCO can still handle these two signals since the carrier frequency are same. 

(Multiple FFT issue:

Like the reception, the transmission to synchronous and asynchronous cells may have big different on number of iFFT for UE implementation in this intra-frequency DC scenario. For transmission to two asynchronous cells (e.g. 500us timing difference between PCell and PScell TA timing), UE may use two iFFT to generate the time domain sequences and then combine them together for transmission on the same RF chain, and how to use multiple iFFT is up to UE implementation. So support multiple iFFT in asynchronous intra-frequency DC case is not a big problem from UE perspective.

(Tx beamforming issue:

The UE side Tx beamforming is similar as UE side Rx beamforming, that is, the Tx signals to two non-collocated cells may not fit the same Tx beam at UE side, and it may introduce interruption the Tx beam switching. We will also suggest that single RF chain cannot support simultaneous UE side Tx beamforming for two different directions of PCell and PScell in intra-frequency DC scenario.
Observation 4: intra-frequency uplink DC in synchronous/asynchronous case is feasible if Tx beamforming is not used at UE side; otherwise intra-frequency uplink DC in synchronous/asynchronous case is not feasible, when UE implement single RF chain.
 (2) Dual RF chains with shared VCO (single IC)
Even though dual RF chains are used, the intra-frequency DC are working on the same frequency for PCell and PSCell and there is no difference by using single VCO, or shared VCO with offset, or dual VCO. However, since dual RF chains are used, the simultaneous Tx beams to both PCell and PScell may be supported, and the power allocation issue is similar as single RF chain.
Observation 5: intra-frequency uplink DC in synchronous/asynchronous case is feasible if UE implement dual RF chains with shared VCO (single IC). 
 (3) Dual RF chains with separated individual VCO (dual IC)
Similar as dual RF chains with shared VCO as well.

Observation 6: intra-frequency uplink DC in synchronous/asynchronous case is feasible if UE implement dual RF chains with shared separated individual VCO (dual IC). 

2.3. Dependence on the frequency bands
As analysed above, the feasibility impacts can be summarized in the following table,
Table 1. Feasibility summary

	DL intra-frequency DC
	Synchronous
	Asynchronous

	Single RF chain
	Not feasible,

Due to AGC issue and Rx beamforming issue(if used)
	Not feasible,

Due to AGC issue and Rx beamforming issue(if used)

	Dual RF chain
	Feasible
	Feasible

	UL intra-frequency DC
	Synchronous
	Asynchronous

	Single RF chain
	Feasible if Tx beamforming is not used; otherwise not feasible
	Feasible if Tx beamforming is not used; otherwise not feasible

	Dual RF chain
	Feasible
	Feasible


So only in the UL intra-frequency DC case, the usage of Tx beamforming at UE side will determine the feasibility of this intra-frequency DC feature. Since whether beamforming is used or not is relevant to the frequency bands, the answers to Q2 may be changed for different frequency bands. 
Observation 7: answers to Q2 may change depending on the frequency bands. 

2.4. Proposed answers to RAN2

In RAN2 questions, both single RF chain and dual RF chain cases were included, but it doesn’t make sense to limit UE implementation on dual RF chains for an intra-frequency case. Like in legacy CA and DC discussion before, single RF chain is always assumed for intra-band contiguous band combination, and therefore here for intra-frequency case we also may assume single RF chain case as baseline. Based on the analysis above, the proposed answers are as below,

Proposal:

Q1: Is it feasible that the UE performs simultaneous reception from two intra-frequency cells in either synchronous or asynchronous network with single or dual RF chains?

[RAN4]: With single RF chain it’s not feasible that the UE performs simultaneous reception from two intra-frequency cells in either synchronous or asynchronous network; while with dual RF chains it’s feasible. RAN4 may assume single RF chain as the baseline.
Q2: Is it feasible that the UE performs simultaneous transmission to two intra-frequency cells in either synchronous or asynchronous network with single or dual RF chains?

[RAN4]: It’s feasible that the UE performs simultaneous transmission to two intra-frequency cells in either synchronous or asynchronous network with single RF chain on some frequency bands where the UE Tx beamforming is not needed, while on the other frequency bands it’s not feasible.

It’s feasible that the UE performs simultaneous transmission to two intra-frequency cells in either synchronous or asynchronous network with dual RF chains.

RAN4 may assume single RF chain as the baseline.
Q3: Do the answers to Q1-Q2 change depending on the frequency bands?

[RAN4]: Yes, answers to Q2 may change depending on the frequency bands.
3. Conclusions

In this contribution the feasibility is analysed from different dimensions and the corresponding answers are drawn based on the analysis. One corresponding LS is also provided in this meeting[3].

Proposal:

Q1: Is it feasible that the UE performs simultaneous reception from two intra-frequency cells in either synchronous or asynchronous network with single or dual RF chains?

[RAN4]: With single RF chain it’s not feasible that the UE performs simultaneous reception from two intra-frequency cells in either synchronous or asynchronous network; while with dual RF chains it’s feasible. RAN4 may assume single RF chain as the baseline.
Q2: Is it feasible that the UE performs simultaneous transmission to two intra-frequency cells in either synchronous or asynchronous network with single or dual RF chains?

[RAN4]: It’s feasible that the UE performs simultaneous transmission to two intra-frequency cells in either synchronous or asynchronous network with single RF chain on some frequency bands where the UE Tx beamforming is not needed, while on the other frequency bands it’s not feasible.

It’s feasible that the UE performs simultaneous transmission to two intra-frequency cells in either synchronous or asynchronous network with dual RF chains.

RAN4 may assume single RF chain as the baseline.
Q3: Do the answers to Q1-Q2 change depending on the frequency bands?

[RAN4]: Yes, answers to Q2 may change depending on the frequency bands.
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