Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG4 #84
R4-1708108
Berlin, Germany, 21st – 25th August 2017
Source: 
Ericsson 

Title:  
On beam switching new requirement
Agenda Item:
9.5.2.1
Document for:
Discussion
1 Introduction

During recent meetings, the topic of new BS requirements for NR systems has been discussed at some length. One of the aspects identified for further elaboration is the potential for a beam switching requirement. Discussions thus far have concluded that the aim of a beam switching requirement is to ensure adequate performance of analogue beam switching. RRM issues, such as beam tracking are to be excluded from the requirement design, as is baseband performance etc. The requirement is not necessary for systems whose beam switching is driven purely from baseband (so called digital beamforming) although it remains to be clarified whether the requirement should apply for all types of system, regardless of the architecture and beamforming type or whether the requirement can be excluded for some kinds of system/frequency for which it is redundant. 

Final agreement on the requirement should be made once the requirement description is available and agreeable.

A WF was agreed during the June ad-hoc meeting [1] that identified some further questions for discussion. This contribution provides further discussion for the identified issues.
2 Discussion

The discussion in this section is split into the usefulness of the requirement and details that need to be clarified regarding the design of the requirement and conformance test. 
With regard to the usefulness of the requirement, an important consideration will be the threshold for introducing measurements as 3GPP compliance requirements. In general, many aspects of BS performance can be measured and indeed will be measured on a proprietary basis by BS vendors. 3GPP requirements should in general be aimed at ensuring that key parameters that relate to proper usage of the radio spectrum, co-existence between different operators and correct and predictable operation of the BS-UE air interface are captured. Since RAN4 is already highly overloaded, requirements with zero or very low impact to these aspects should not be introduced, as they will add to the RAN4 workload. Many important parameters that relate to system operation are essential to characterize as part of marketing good BS implementations, but are not needed as 3GPP requirements. On the other hand, in this early stage of 5G it is important to identify if there are new parameters that do play a role in co-existence, interoperability etc. and ensure that they are properly captured at this stage, in order to avoid problems arising with NR deployments further down the line.
Another consideration in regard to the usefulness of a requirement is that in case the behavior to which the requirement relates needs to anyhow be fulfilled in order for a basestation to be able to carry out the most basic tasks needed for system operation such as synchronization, data transmission and data reception then the usefulness of specifically setting a requirement and test on the behavior is highly questionable. If lack of ability to fulfil the requirement would imply lack of an ability to carry out basic system operations, then the BS would obviously not be purchased and deployed and thus the testing would be redundant.

In the context of the beam switching requirement, the above discussion implies that the following needs to be established:

· What aspect of co-existence, co-location or interoperation with the UE does the requirement aim to cover ?
There is not any obvious impact to co-existence or co-location properties caused by beam switching time. It could potentially be argued that the reason for the requirement is that the UE needs to have a guarantee of how much of the CP may be impacted by beam switching time in order to carry out receiver processing properly. It is at the current stage of the discussion not clear whether, if a small portion of the initial part of the CP would be unreliable due to potential beam switching the UE processing would be significantly impacted.
· Is the requirement anyhow obvious to fulfil by all reasonable implementations of a functioning basestation ?

Two aspects of performance could be considered in order to answer this question. The first consideration could be a comparison of the impact of the beam switching time on synchronization channel performance and on data demodulation performance. It should be determined which of these two would dominate the needed beam switching time requirement.
For the synchronization channel performance, it is worthwhile to consider the structure of the synchronization channel. The basic structure is illustrated in figures 1-2 The SS must be beamformed in order to provide adequate link budget, in particular for mm wave. To provide full coverage, a number of SS beams must be transmitted consecutively in time. As depicted in the figure, the structure is such that during a 5msec SS burst, a number of beams are consecutively transmitted.
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Figure 1: SCS burst set mapping to slots
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Figure 2: SCS burst set composition within a slot

The number of SS beams that may be fitted into the SS structure is considered in table 1. The number of supported beams has a dependency on the subcarrier spacing; the larger the subcarrier spacing the higher the number of beams.

	Frequency range (GHz)
	SCS (kHz)
	Maximum supported SS beams
	PSS symbol length (usec)

	0 – 3
	15
	4
	71.4

	0 – 3
	30
	4
	35.7

	3 – 6
	15
	8
	71.4

	3 – 6
	30
	8
	35.7

	6 – 52.6
	120
	64
	8.9

	6 – 52.6
	240
	64
	4.5


For each SS beam, 4 OFDM symbols are transmitted. The first symbol contains PSS, the second symbol PBCH, the third SSS and the fourth PBCH, as depicted in figure 3.
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Figure 3: Composition of SS beam burst (Note: Time is vertical, frequency horizontal in this figure)
The beam does not change between the symbols over which an SS beam is transmitted. Thus the impact from beam switching to SS is restricted to PSS detection.

To a first approximation, the beam switching time between SS beams will remove a portion of the PSS that is needed by the UE to detect the synchronization signal. An extremely rough impact of SS performance degradation can be made by considering the reduction in received energy from the PSS depending on the beam switching time. In the following estimates, the loss of PSS energy from the useful symbol is considered. Loss from the CP is not considered significant. This may be a slight underestimation of the loss for fading channels, but is useful as a ballpark figure. Figure 4 illustrates for an SS with 240khz subcarrier spacing the approximate SS detection energy loss under this assumption as a function of the beam switching time.
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Figure 4: Example PSS loss vs beam switching time for 240 khz SCS
A typical beam switching time for a reasonable implementation may be in the order of a few 10s of nsec. In the worst case we assume 100-200 nsec. For LTE with a 15khz subcarrier spacing, the TDD OFF time is 17usec. Table 2 indicates the estimated loss in PSS detection performance considering a reasonable switching time, a switching time that is 3 times longer than reasonable and the TDD switching time. The estimate is superficial, as it considers simply the PSS energy lost as a result of lost samples from the useful symbol at the start of the PSS. The table is for illustration only; more detailed investigation may be needed.
	SCS for SS
	Example loss (worst case switching time 200 nsec)
	Example loss (3 times reasonable switching time)
	Example loss (LTE TDD switching time)

	15
	0.0 dB
	0.0 dB
	0.9 dB

	30
	0.0 dB
	0.0 dB
	-

	120
	0.0 dB
	0.20 dB
	-

	240
	0.0 dB
	0.80 dB
	-


As can be seen from the table, there is likely to be no impact for realistic beam switching times for any SCS.  For an extremely bad implementation that is 3-6 times worse than a reasonable one, there is possibly a small impact for 120 & 240khz. The beam switching time needs to be faster than the TDD switching time for 15khz (The TDD switching time occurs with an UL/DL guard period, whereas for the beam switching time there may be no guard between OFDM symbols). Most likely for other SCS, the beam switching time will also need to be longer than the TDD switching time for NR.
In regard to receiving the PDSCH, beam switching time could reduce the length of CP available for covering the channel delay spread for the first OFDM symbol, and degrade receiver performance. Due to the frequency domain first mapping of codewords decided in RAN1, this degradation of the first symbol could degrade RX performance of the first codeword and cause retransmissions. However since it is the first samples of the CP that are not transmitted, the degradation will only occur for delay spreads that are large enough to cover the whole CP. [3] investigates the impact of beam switching time on PDSCH performance and concludes that the impact is very small.
In [3], it is assumed that the UE receiver is unware of the potential beam switching time. Further clarification should be sought as to whether slight loss of the CP due to beam switching could cause any further issues for UE implementations.

Although the estimates depicted here for SS are calculated in a simple manner, the analysis suggests that beam switching time is highly unlikely to cause any performance issue for SCS  of 15 or 30 for SS. For 120 and 240khz, the performance impact is also negligible but could be checked further; the initial analysis here suggests that for most realistic switching times, beam switching would not in reality cause a performance impact.

Proposal 1: Further consider beam switching requirement only for BS supporting SCS of 120 and/or 240khz for SS. For BS supporting 120/240khz, possible performance impacts are likely negligible but could be checked further.
2.1 Requirement description and test considerations

From the discussion in the above section, it is apparent that a beam switching time requirement that is achievable by a reasonable analogue beamforming implementation for 120 & 240khz will need to be lower than the TDD ON/OFF time for LTE, and most likely lower than the TDD switching time for mm wave. If the requirement would have a similar value to the TDD ON/OFF time, this would enable a similar testing to be applied as TDD transient time, and obviously measurement equipment with sufficient time resolution to measure the TDD transient period would be able to measure the beam switching time. For a requirement that is significantly lower than the TDD OFF time, the feasibility and accuracy of the measurement will need further investigation.
The TDD transient time is based on a power measurement. Currently, it is being debated whether the TDD transient time will be measured as EIRP or as a proximity measurement. Either way, if a power detection would be used as the basis of a beam switching requirement then the measurement implementation could be similar to the TDD transient time, but in this case would need to be EIRP in the far field.

As discussed in [2], it would be highly advantageous to ensure that the needed test setup for compliance testing of a beam switching requirement would not involve positioning of multiple receivers within the test chamber.
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With this in mind, it would make sense for a requirement description to look as follows:

· The core requirement states that the EIRP of a beam should reach the target EIRP with a time interval T of the start of the subframe in which the beam is transmitted in the intended direction. Further investigation is needed as to how much faster T needs to be compared with the TDD transient time, and on the feasibility of measuring a shorter time.
· The conformance test should utilize a test model that alternates between two of the beam directions from the EIRP accuracy directions set.

· The test setup should be the same as the EIRP accuracy test, with the test object oriented such that one of the beams of the test model points at the receiver.

· The measurement equipment should measure the time to reach the declared EIRP after the start of each subframe in which the target beam is transmitted.

3 Conclusion

The analysis in this contribution makes the following observations:
· The main argumentation for making a RAN4 compliance requirement on beam switching time would be that UE implementations would benefit from knowledge of the worst case loss of CP due to beam switching.

· The usefulness of such knowledge to UE implementations should be clarified further.

· For SS, it is extremely unlikely that 15 or 30khz SCS would be impacted. 120 and 240 are also not very likely to be impacted, but this could be checked further.

· If a beam switching requirement would be standardized, preferably the same test setup as for EIRP accuracy and the TDD transient time (for LTE) should be reusable. In case if the beam switching time requirement needs to be an order of magnitude faster than the TDD transient time, the feasibility of measurement will need further investigation.
· Any beam switching requirement should be defined as EIRP and be testable using the same measurement setup as EIRP accuracy.

· A sketch of the potential core requirement and conformance test considerations is provided in section 2.1.

Proposal 1: Further consider beam switching requirement only for BS supporting SCS of 120 and/or 240khz for SS. For BS supporting 120/240khz, possible performance impacts are likely negligible but could be checked further.
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