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1. Introduction

Intra-band non-contiguous carrier aggregation scenarios have been discussed for several meetings in RAN4 and various aspects such as RF architectures have been captured in [1]. The discussion so far has been centered on the unwanted emissions and receiver performance such as REFSENS but transient effects generated by SCell state change (turning the SCell RF chain on/off) have not been investigated in detail. These transient effects could have unwanted effects and lead to receive/transmit interruptions. 
In this paper we further analyze the RF architectures and transient effects for intra-band non-contiguous CA, their impact on PCell at SCell state change and the need for interruptions that are now allowed only for intra-band contiguous CA.  
2. Discussion

Technical conditions for intra-band non-contiguous CA have been discussed in RAN4 and captured in [1]. The RF architecture assumed so far is shown in the Annex for convenience. The basic assumption is that 2 receiver chains are used and they share the same LNA. Based on what was captured so far in [1], the discussion was mainly centered around unwanted emissions and receiver performance issues such as REFSENS, however, transient effects generated by SCell state change (turning on/off the SCell RF chain) have not been investigated in detail. It should also be pointed out that this architecture for intra-band non-contiguous is different to the one used for inter-band in the fact that the 2 receiver chains are sharing the same LNA, hence, the signal has to be split after the LNA. In the inter-band case the signal is split right after the antenna (with a diplexer or quadplexer, etc) and the LNAs are also independent. The shared LNA architecture is more susceptible to transient effects because there is less isolation between the two receiver chains. Some of these possible issues are discussed in more detail below.
The non-contiguous intra-band CA architecture involves sharing of a common LNA between the PCell and SCell path with a different PLL for the SCell chain. Each Rx PLL is tuned to the center frequency of the corresponding carrier. During activation and deactivation of SCell, PCell baseband signal is bound to see a phase shift due to the change in load and capacitance seen by the LNA. Also, the gain change of the LNA will involve adjustment in the baseband filter setting causing some disturbance to the mixer. This phase shift could be a periodic one depending on the frequency of SCell activity and could lead to bit errors. The reference clock is shared between the PCell PLL and SCell PLL, hence, activity in SCell will lead to change in load of this clock, translating to a transient frequency error. 
Also, the reference clock is shared between the PCell Tx PLL and SCell Rx PLL, activity in SCell will lead to change in load of this clock translating to a transient frequency error. Also the two PLLs will be sharing the same supply source and load change due to Scell Rx PLL activation can lead to a drop in voltage supplied to the Tx PLL causing transient effects. 
All these transient effects presented above will impact the PCell RF chain and will cause disturbances in the received and transmit signal. These disturbances will occur at every SCell state change, just like in the case of intra-band contiguous CA. Based on all the above, the glitches that are now allowed only for intra-band contiguous CA should also be allowed for intra-band non-contiguous CA. Hence, we propose to extend the current requirements regarding PCell interruptions to intra-band non-contiguous CA also. These interruptions will affect both DL and UL. 
Furthermore, we would like to point that if the aggregated carriers are close enough in frequency and the receiver baseband bandwidth is wide enough, the aggregated carriers could be processed using the same RF chain. Even though this architecture has not been discussed until now it is highly likely that it will be used, especially for aggregation cases where the component carriers are less than 20MHz apart. In this case, the RF architecture will be the same as the one used for intra-band contiguous CA and, hence, the same interruption requirements should apply.

Proposal: Apply the same interruption requirements for intra-band non-contiguous CA as the requirements for intra-band contiguous CA.
As also explained in [3], allowing interruptions for the case of intra-band non-contiguous CA when a UE is performing measurement on a deactivated SCell will have higher power consumption benefits compared to the case intra-band contiguous CA that uses a wideband receiver. 

A CR to make the necessary changes in 36.133 is presented in [2].
3. Conclusion
In this paper we analysed some challenges associated with intra-band CA RF architectures that share the same LNA and showed that the receive signal will be disturbed due to different transient effects generated by the Scell state change(SCell RF chain state change). Based on these observations we propose to extend the current interruption requirements that apply to intra-band contiguous CA to intra-band non-contiguous CA also. As explained in Section 2, the SCell state changes will impact both DL and UL, hence, interruptions will occur in both receive and transmit.
Proposal: Apply the same interruption requirements for intra-band non-contiguous CA as the requirements for intra-band contiguous CA.

A CR to make the necessary changes in 36.133 is presented in [2].
Reference

[1] 3GPP TR 36.823, v11.0.0
[2] R4-131234, “CR on Interruptions for Intra-band Non-contiguous Carrier Aggregation”, Qualcomm Incorporated
[3] R4-131235, “Considerations for single-chip implementations of carrier aggregation”, Qualcomm Incorporated
Annex


[image: image1.emf]A/D

A/D

A/D

A/D

Main 

tranceiver

Rx

Tx

Duplex filter

DL UL DL

A/D

A/D

A/D

A/D

Diversity 

receiver

Rx

Rx filter

BAND A

PA

Signal 

Division

Signal 

Division

D/A

D/A

D/A

D/A

UL


Figure A.1: Non-contiguous intraband CA reference transmitter architecture
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Figure A.2: Non-contiguous intraband CA reference transmitter architecture
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