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1. Introduction

The following agreement was captured in RAN4-104bis-e [1] for harmonization between Anechoic Chamber (AC) and Reverberation Chamber (RC). 
Proposal 1: Continue the study of below aspects to ensure that Reverb-chamber system can be applicable to NR FR1 TRP TRS testing. 

· the minimum number of samples to achieve the statistically isotropic environment of RC system for NR FR1 testing

· the minimum distance for device placement in the RC where the fields are indeed statistically uniform, for NR FR1 frequency bands

· a unique “loading” approach to broaden the coherence bandwidth of the chamber

· how to verify UE TAS OFF in a RC based test system.

· the impact induced by increased channel bandwidth (100MHz) on NR FR1 TRP TRS testing

· the study of different human phantoms (e.g. forearm for wearables)

· other aspects are not precluded
This contribution further discusses test issues associated with RC.
2. Discussion
Before deciding the minimum number of samples needed to achieve isotropy for RC, the definition of isotropy and associated pass/fail criteria should be agreed. However, there are various definitions of isotropy for RC in the open literature. For example, 
(a) transfer function given in equation 1 of [2] is measured within the test volume to represent isotropy. The transfer function is then measured for x-, y- and z-polarisation to ensure polarisation balance as shown in Table II of [2].
(b) [3] advocates power angle spectra as given in Fig.4 of [3]
(c) [4] proposes to use anisotropy in equation 8 of [4]
(d) Annex B in [5] employs field deviation in the form of equation B.1
(e) Annex J in [5] provides anisotropy as an alternative in equations J.1 and J.2
Isotropy definition (d) is used by most certification labs and the associated pass/fail limit is 3 dB for frequency higher than 0.4 GHz. For example, Figure 2 in [6] uses the 3dB limit between 0.4 GHz and 6 GHz frequency span, which fully covers the frequency range in this WI. 
[5] does not specify a pass/fail limit for definition (e), instead gives range for good and medium quality. Significant amount of work would be needed to define a pass/fail limit and is out of scope for this WI.

The other isotropy definitions, i.e. (a), (b) and (c), try to compensate for some inadequacies in definition (d) and (e), such as issues when measurement is taken too close to the RC wall.
With the above pros and cons, definition (d) seems to be popular and quantifiable.
Proposal 1: use isotropy definition (d) given in equation B.1 of [5] with a pass/fail limit of 3dB for frequencies between 0.4 GHz and 6 GHz. 
[7] studies TRP and TRS measurement in RC as a function of number of independent stirring samples and shows the results in Fig.7 and Fig.8. As shown in Fig.8, the standard deviation for both TRP and TRS converge to around 0.5 dB with 100 samples. The fact that curves become almost flat beyond 80 samples implies more than 100 samples may not improve standard deviation significantly.
The above finding is also consistent with CTIA and IEC recommendations as captured in Fig.2a and Fig.2b of [8], respectively. For example, improvement in error bounds by 0.1 dB would require additional 100 or more samples (Note: the horizontal axes for Fig.2a and Fig.2b are in logarithmic scale)

Observation: TRP and TRS measurement available in open literature indicate that 100 independent samples can achieve 0.5 dB standard deviation in TRP and TRS and increase beyond 100 samples may not improve performance significantly. 

The coherence bandwidth (CBW) of RC has been studied extensively, for example, [9] and [10] investigate the impact of CBW on TRS and TRP, respectively.  According to [11], the CBW of RC should meet or exceed the signal bandwidth (SBW). CBW is defined as the frequency range corresponding to a value of 0.5 in frequency autocorrelation, e.g. given by equation 2 in [11].
Proposal 2: coherence bandwidth of RC is defined as the frequency range corresponding to a value of 0.5 in frequency autocorrelation, e.g. given by equation 2 in [11].
Volunteer RC labs should comment on achievable CBW range. CBW can be estimated by equation 9 in [10] and is likely to have a range of a few to tens rather than hundreds of MHz depending on RC configurations.

Proposal 3: harmonization between RC and AC is for a given coherence bandwidth of RC range. The range of coherence bandwidth is [TBD].

The channel in RC is regarded as flat within CBW. On the other hand, if the signal bandwidth is much larger than CBW, e.g. SBW/CBW>>1, signal under RC tests effectively experience frequency selective fading. This is illustrated by Fig. 11 in [12]. The TIS values converge to a stable value with increase in CBW and the higher or worse TIS values at low CBW range is caused by frequency selective fading. The stable value is measured in AC as shown by the black line in Fig10 in [12]. If 100MHz CBW cannot be readily achieved in RC, measurement should be limited to within achievable CBW because TIS or TRS measurement could be worse than its true value if CBW is less than SBW.
Proposal 4: coherence bandwidth of RC should meet or exceed signal bandwidth. 
3. Conclusions
This contribution makes the following proposals and observation.
Proposal 1: use isotropy definition (d) given in equation B.1 of [5] with a pass/fail limit of 3dB for frequencies between 0.4 GHz and 6 GHz.

Observation: TRP and TRS measurement available in open literature indicate that 100 independent samples can achieve 0.5dB standard deviation in TRP and TRS and increase beyond 100 samples may not improve performance significantly. 
Proposal 2: coherence bandwidth of RC is defined as the frequency range corresponding to a value of 0.5 in frequency autocorrelation, e.g. given by equation 2 in [11].
Proposal 3: harmonization between RC and AC is for a given coherence bandwidth of RC range. The range of coherence bandwidth is [TBD].

Proposal 4: coherence bandwidth of RC should meet or exceed signal bandwidth.
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