[bookmark: Title][bookmark: DocumentFor][bookmark: _Ref399006623][bookmark: _Toc92513360]3GPP TSG-RAN WG4 Meeting # 105 	R4-2219154
Toulouse, France, November 14 – 18, 2022
[bookmark: _GoBack]
Source: 	Huawei, HiSilicon
Title: 	Further discussion on phase shifters
Agenda Item:	8.4.2
Document for:	Approval
1 Introduction
In the last meeting the WF [1] was approved with some agreements on phase shifters
· Multi-band frequency selective phase shifter might not be soon commercially available but should not be excluded specifically at this stage
· Multiple single band frequency selective phase shifter with common PA is possible while the impact to requirements/performance needs further study.
This paper further discusses the issue of phase shifters and their effect on architecture.
2 Discussion
Band selective phase shifters are required if the carriers in different bands are to be steered at different UE’s. If this is not possible then the carriers from all bands at any one timeslot are pointing at a single UE or multiple UE’s in the same location (or within the same beam). This would obviously come with significant scheduling issues although if such a use for such a product were to be identified we do not see the need to prevent it.
It is interesting to observe that the same restriction exists for a single band system with multiple carriers, use of RF phase shifting means that all carriers in a band must be pointed at the same UE (or multiple UE’s in the same location). 
It is however unlikely that a UE is capable of using 2 bands at the same time so the scenario where multiple UEs are in the same beam remains the only possible use case for such a multi-band system.
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Figure 1: Phase shift applied to multi-band signal
The location of the phase shifters here (before or after the PA) makes little difference to the restrictions on beam steering. In order to steer the signals in different bands in different directions it is necessary to apply different phase shifts to each band, the architecture in figure 1 would require the phase shifters to be frequency selective. It was agreed last meeting it is unlikely that a frequency selective phase shifter capable of applying different phase shifts to different frequencies will be soon commercially available hence the phase shift must be applied when the different bands are separate.
The architectures in figure 1 therefore would only be of use if the UE’s were in the same location for both bands.
If the beam steering phase shifts are to be different for the different bands then they must be applied when the bands are still separate.
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Figure 2: Band specific phase shift
The architecture in figure 2 utilises a multi-band PA and antennas system and the phase shifts are applied prior to the point where the bands are added together. The phase shift could be applied in the BB prior to the DAC or using analog RF phase shifters (in the IF or RF).
In both figure 1 and figure 2 separate modulators are shown for each path, if analog phase shifters are used it is of course feasible that a single converter is used for each signal and it is split after the DAC. This is perhaps the main reason why analog phase shifters would be used anyway. Use of a converter per branch would allow phase shift to be applied in BB and would also overcome the issue of all the resource per band having to be steered at a single UE. This discussion is equally valid to both single band and multi-band systems so is perhaps a little out of scope for this paper.
The open issue identified in the last meeting [1] was to identify any potential impacts to the requirements or performance by implementing an architecture similar to figure 2 rather than figure 1
System Noise
Placing effectively attenuating devices in in the form of the phase shifters in front of the PA can lead to increase in the system noise floor, this of course will depend heavily on the system G/N budget and the distribution of gain through the system. However it is unlikely this is a significant problem, if necessary additional single band gain could be added prior to the phase shifters.
It could also be considered advantageous that if the phase shift is applied in the RF the signal will be lower so the linearity of the phase shifters will not be so important.
Linearization
Linearization is not discussed much for FR2 as it is somewhat dependent on the implementation. However the large signal BW’s and the use of RF phase shifters to impart the beam steering implies that digital correction is not applied to the same extent it is in FR1. The architecture in figure 2 however would mean tradition predistortion of the signal with a wideband correction signal from the modulator would be problematic. Of course the BW’s necessary to implement multi-band FR2 systems are such that it may not be possible to generate a multi-band signal from a single converter anyway let alone a pre-distorted one, if the different bands are generated by separate converters anyway the problem of a band specific phase shifter become moot.
Correction within the BW of each converter could be applied but non-linear products from F1 and F2 which lay outside the converter BW’s could not be corrected. They are of course by definition out of band so not impossible to remove but this may mean addition of filtering to clean up the multi-band signal, this would of course have further impact on the system architecture.
It is not discussed in detail how the multi-band PA performance is achieved in the multi-band systems but it is of course one of the fundamental design challenges. Whilst the use of single band phase shifters prior to the PA may cause some restrictions on the use of very wide band digital correction this is perhaps not a valid implementation for multi-band anyway as such the location of phase shifters will not significantly impact the solution to the PA linearization problem 
Filtering
The spectral purity of the multi-band PA and potential requirements for band filtering in order to meet the multi-band spectral purity requirements are not affected greatly by the location of the phase shifters (as discussed in linearization above). The need for filtering or not is a design issue but we do not see it is affected by the phase shifters directly.
3	Summary
One of the open issues from the last meeting was to investigate further the impact of single band phase shifters on the requirements and performance of a multi-band FR2 system. 
In this contribution we have looked at the difference between implementing single band phase shifters vs wideband phase shifters before and after a multi-band PA.
Whilst clearly there are challenges involved with implementing a multi-band PA and by having band specific phase shifters may have some impact on potential very wide band pre-distortion linearization this does not seem to be a viable solution and in-band only linearization is not affected by the single band phase shifter approach.
As such using single band phase shifters prior to a multi-band PA to steer each band separately is a valid approach and should have no impact on the multi-band requirements.
Proposal 1: using single band phase shifters prior to a multi-band PA to steer each band separately is a valid approach and should have no impact on the multi-band requirements
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