
3GPP TSG-RAN WG4 Meeting #67
R4-132705
Fukukoa, Japan, 20 -24 May, 2013
Agenda item:

5.3.1
Source:
Renesas Mobile Europe Ltd
Title:
Analysis of interruptions in single RF IC inter-band carrier aggregation
Document for:

Discussion 

1. Introduction

For some meetings, RAN4 has been discussing single chip RF implementation of inter-band carrier aggregation, and the possible need for interruptions in certain interband scenarios. In the last meeting a way forward was drafted [1], but could not yet be agreed. In this contribution we further discuss some of the motivations to allow retuning for interband carrier aggregation.
2. Discussion

We begin by considering a non-CA UE, or an interband CA capable UE operating in single carrier operation. Both the RX and TX chains have local oscillators which generate the reference frequencies for reception and transmission respectively. These local oscillators are generated from a common reference clock and in a typical direct conversion receiver/transmitter the local oscillator output frequencies will be the same as the reception and transmission centre frequencies respectively.
In order to synthesize the LO signal, a phase locked loop may be used. The VCO output frequency is determined by multiplier and divider values, such that when the loop is locked to the reference clock, it provides a nominal signal at frequency (N/R) * reference clock. Both M and N are programmable and there are clearly different configurations of R and N which yield the same nominal VCO output frequency. 
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Figure 1 : Conventional PLL synthesizer

Other variations of this conventional synthesiser are possible, such as the fractional-N synthesizer which dynamically swaps the N divider between different values, and thus allows N to take a fractional rather than integer value.

One aspect of the VCO which is of very high significance is the frequency at which spurs are present. Since the VCO signals will directly drive the RX demodulation and TX modulation, such spurs will cause spurious response/spurious emissions in the UE. The frequency and level of the spurs depends on the chosen divider and multiplier (R,N). Loop filter BW and order also determines the level of the spurs.
When considering single chip implementation, even for single carrier, considerable care needs to be taken to optimise R and N, so that for example, spurs from the TX LO do not end up falling in the downlink band, noting that TS36.101 allows for a certain number of exceptions to the out of band blocking requirements (spurious responses) but not to the in band blocking requirements. Therefore we observe that in practical single carrier designs, careful synthesiser frequency planning may be performed to optimise the RF performance. Since the transmission band and reception band are the same, the correct receiver configuration which provides optimal performance can be determined in advance of the transmitter being turned on, since anyway the impact of the receive VCO spurs to the TX and the TX VCO spurs to the RX can be readily predicted.

This situation does not however apply to a carrier aggregation UE. Suppose a UE which supports the following CA bands

Band X (single carrier)
CA_XY

CA_XZ

These capabilities are reported to the eNB and there are several practical examples in the existing CA bands where support for all of these options in the same device would make sense (eg one operator has spectrum allocated on bands X,Y and Z).

Suppose that this UE starts a single carrier connection using band X. In the absence of any other information its TX VCO can only be optimised to avoid spurs falling in band X downlink. Next an SCell is configured, which may be in either band Y or band Z according to the UE reported capabilities. The UE now needs to ensure that there are no TX spurs in band X and (either band Y or band Z). The key issue here is that the PCell configuration does not provide any information which would predict band the SCell may be configured on. Therefore the UE is unable to choose a configuration which avoids TX LO spurs which may harm reception on the future SCell band. Clearly this is less of an issue for multi-chip architecture where the SCell receiver is implemented on a different IC.
Another example case is when PCell<>SCell swapping is performed. In interband case, this will not change either of the RF downlink frequencies being received. For example if a UE is operating on CA_XY band with the PCell on band X before the swap and band Y after the swap, the two downlink frequencies are still from band X and band Y. However, the UL frequency is swapped from band X to band Y. This means that the RX VCO programming for bands X and Y may still need to be modified to account for the changed transmission frequency.
One aspect which we would like to emphasise is that the issue mainly arises from the need for UE to support multiple CA bands. In the earlier example, clearly if the UE only supports band X single carrier, and CA_XY interband multicarrier configurations then the synthesiser planning can likely be optimised in advance for CA_XY operation. If the UE operates in single carrier, this does not harm the performance. Nevertheless, the PCell/SCell swapping issue may still be relevant for single CA band UE (since those UE still support two different band configurations from an uplink perspective).

It is also worth noting that the synthesiser power consumption depends on the chosen divider values. In the absence of any constraints from consideration of spurs, a UE implementation would naturally be configured to minimise synthesiser power consumption. This implies that if the UE is allowed to reconfigure the synthesisers when CA is configured, it should also be allowed to reconfigure them back to the single carrier configuration when CA is deconfigured. Additionally, since the single carrier RF RX and TX test cases will have been passed with a certain synthesiser configuration, the UE must be free to return to this configuration when it is not operating in CA mode.

3. Way forward

In this contribution we have focussed on providing a clear description of some of the issues, since it is first necessary for RAN4 to discuss and agree whether retuning should be allowed. Discussion of the duration of interruptions and other details can be considered in a later step, although we provide some preliminary considerations here. However, we think the fundamental discussion in RAN4 should be about the need for retuning. Based on the discussion in this contribution we see a clear potential need for the single chip CA UE to be allowed to modify the PCell and SCell uplink and downlink VCO configuration when the CA configuration is changed. Since synthesiser frequency planning is an implementation issue we do not think it would be practical or meaningful for RAN4 to have a discussion about the exact cases in which interruptions will occur, although we would also note that there are cases where interruption at CA configuration/reconfiguration is not necessary even for a single chip multi-CA capable UE. Hence we propose
Proposal

· PCell Interruptions to be allowed at SCell configuration/ reconfiguration/ deconfiguration
· SCell interruptions to be allowed at SCell reconfiguration

· Further study is needed in RAN4 for interrupt duration
· Further study is needed in RAN4 for SCell activation/deactivation/deactivated SCell measurement activity

Considering the interruption which can be expected, VCO reprogramming can be performed relatively quickly. For example 0.5ms is assumed in RAN4 measurement requirements for retuning in gaps, and as this forms the basis of minimum performance requirements state of the art VCO could potentially re-lock in a shorter time. However, in line with earlier discussions on RAN4 on the definition of an interruption, the impact of data loss on baseband algorithms such as channel estimation also needs to be considered. From this perspective, we think that 2ms interruption is reasonable as proposed in [2]. We note that if there is any external visibility (ie normal error correction does not recover the situation) then if both UL and DL are interrupted then 2 TTI loss in each direction may expected. For instance in downlink direction, one TTI may fail to be received, and another TTI is unnecessarily retransmitted due to eNB failing to get the HARQ feedback.
Earlier we proposed that since RAN2 has already agreed that the Extended RRC Connection Reconfiguration processing delay applies to all carrier aggregation cases (intra-band contiguous and non-contiguous as well as inter-band) and regardless of the configured value of scellMeasurementCycle, it would be more straightforward from a specification point of view to use a generic 5ms minimum requirenment for all interruptions, despite the fact that the interband retuning is likely significantly less than 5ms as there is no AGC impact. Although we still consider that eNB cannot exploit the knowledge that interband glicthes are significantly shorter without any knowledge of exact interruption timing, or even knowledge if it will occur at all, we nevertheless think that it is important to progress with the issue. Therfore shorter interruption times such as 2ms could be considered if they help to achieve consensus in RAN4. However, as discussed, we think it is more fruitful for the discussion at this stage to focus on the need for interruption, rather than the exact duration.
4. Conclusions

In this contribution we discuss further some example cases in which reconfiguration of PCell VCO (RX and/or TX) would be important for carrier aggregation. An important case is for UE and networks that support multiple CA bands. If such UE are first configured for single carrier operation, then it is impossible to predict a suitable VCO frequency plan until the SCell band is known. Therefore we propose as a way forward
Proposal

· PCell Interruptions to be allowed at SCell configuration/ reconfiguration/ deconfiguration

· SCell interruptions to be allowed at SCell reconfiguration

· Further study is needed in RAN4 for interrupt duration
· Further study is needed in RAN4 for SCell activation/deactivation/deactivated SCell measurement activity
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