3GPP TSG-RAN WG4 #78bis
R4-162652
April 11th ‒ 15th, 2016
San Jose del Cabo, MX
Agenda item:
7.20.2
Source: 
Qualcomm Incorporated

Title: 
eLAA specification changes for UL operation
Document for:
Approval
1. Introduction

The fundamental objective of the Rel-14 eLAA work item [1] is to enable uplink SCell operation in the unlicensed band.  This contribution provides a discussion of the potential changes to the UE RF sections of the 36.101 specification.
2. Discussion  
2.1. Uplink waveform definition

The uplink waveform has not yet been agreed in RAN1.  One of the leading options being discussed is an interlaced waveform to allow maximum power transmission as well as to meet spectral occupancy requirements.  Detailed RAN4 work on the RF requirements can not begin until finalization of the uplink waveform; nonetheless, initial discussion on a general approach is provided below.
2.2. Prioritization
To support uplink SCell operation of LAA in an unlicensed band implies that UL CA must be supported by the device.  In the most general sense, the uplink of carrier(s) in one (or more) licensed bands acting as PCell can occur simultaneously with uplink in one (or more) LAA carrier(s).  However, this work item relates to introducing enhancements to LAA rather than licensed band carrier aggregation, so we focus our attention to the case of one licensed carrier acting as PCell and one or more uplink carriers in the unlicensed band acting as SCells.  Moreover, we propose to first consider a single uplink carrier in the unlicensed band before tackling the problem of multiple uplink carriers in the unlicensed band.
Proposal 1:  Uplink LAA should first be specified for a single carrier in a licensed band as PCell, aggregated with a single carrier in the unlicensed band as SCell with priority.  After single UL LAA carrier requirements are completed, then multiple uplink LAA carriers can be studied.

2.3. Potentially impacted UE RF specifications

2.3.1. Operating bands

Band 46 has been defined for LAA operation at 5 GHz frequencies.  The Rel-13 specifications include aggregation with a licensed carrier in Band 1, 2, 3, 4, 7, 41, or 42 with more combinations to be specified in the Rel-14 timeframe.  It should be decided which band combinations should include the ability to support simultaneous uplink in Band 46 based on operator need and to maximize utility of the unlicensed band.  One possibility is to start the UL work with the same bands that were initially agreed for DL CA operation; that is, start with Bands 1, 2, 3, 4, 7, 41, and 42.  Other bands for UL aggregation, perhaps under the 2UL/2DL basket CA work item, can be considered once these first set of bands is completed.

Proposal 2:  Specify UL LAA in Band 46 for aggregation with a single licensed carrier in Bands 1, 2, 3, 4, 7, 41, and 42 shall be treated with priority.  Once these are completed, additional band combinations can be added as part of the 2UL/2DL basket CA work item.
2.3.2. Maximum output power

Maximum output power is limited by regulatory constraints in the unlicensed 5 GHz band.  In most regions of the world, transmit PSD must be below 10 dBm/MHz or 11 dBm/MHz.  For an uplink waveform that occupies 16 MHz of bandwidth (80% of 20 MHz channel), this equates to a total allowed output power of 22 dBm at a PSD level of 10 dBm/MHz.  Therefore, the maximum output power for LTE class 3 of 23 dBm can be reused for LAA recognizing that this represents an upper limit and that there may need to be additional restrictions imposed for operation in some regions of the world for some parts of the band.  Further discussion is necessary to identify the method for documenting and specifying these additional restrictions in the 3GPP specification, if at all.  One idea is to use the A-MPR and NS mechanism to specify the output power restrictions on a per-deployment basis as described below.  Another idea is to not specify it at all in the 3GPP specifications, but to simply include a note referencing the fact that there may be additional regional regulations that govern the maximum output power of the UE beyond that specified in 3GPP.  This was the approach taken for the basestation output power requirement
In addition for Band 46 operation, the BS may have to comply with the applicable BS power limits established regionally, when deployed in regions where those limits apply and under the conditions declared by the manufacturer. The regional requirements may be in the form of conducted power, power spectral density, EIRP and other types of limits. In case of regulatory limits based on EIRP, assessment of the EIRP level is described in Annex H.
Proposal 3:  Maximum output power is to be specified as 23 dBm.  Whether to specify further restrictions on maximum output power in detail (for example, using NS and A-MPR) or whether to only reference that there may exist further restrictions is a topic for continued discussion.
2.3.3. MPR

MPR is necessary for defining the power backoff relative to Ppowerclass to meet general requirements that are independent of deployment, for example general SEM, ACLR, or TxEVM.  Depending on the definition of the UL LAA waveform and of the general emission requirements, MPR may need to be specified.  Waveforms with non-contiguous frequency support such as the interlaced waveforms currently being considered in RAN1 are particularly susceptible to nonlinearities present in the uplink RF path.  It is assumed that QPSK, 16QAM, and 64QAM modulations will be supported.  256QAM uplink modulation is still under separate study and may be considered in the future.
2.3.4. A-MPR

A-MPR is necessary to allow for power backoff relative to Ppowerclass to meet deployment-specific requirements.  For example, deployment in some bands or in some countries may be subject to regulatory emission requirements that are not generally applicable to the same band when deployed in other countries.  Therefore, A-MPR is usually only offered conditionally when signaled by the network with NS according to the particular deployment.  
It is anticipated that there may be regional requirements in Band 46 that justify the definition of A-MPR and NS.  In fact, for any one country, there may be different emission requirements depending on the portion of the band in use, but these are all expected to be fixed for a given deployment.  In other words, once the deployment is known (in what country and on what channel), the emission requirements, power level restrictions, etc., should be known as well.  One example is the restriction in transmitted PSD and output power to comply with a 10 dBm/MHz or 11 dBm/MHz requirement.  Therefore, it may be possible to define an A-MPR relative to the fixed Ppowerclass as a function of the occupied bandwidth or assigned NRB of the uplink transmission.

In this manner, the various emission requirements and the associated A-MPR would be defined in the 3GPP specifications.  The customary method would then be to associate these requirements to an NS value so that the network, with knowledge of the deployment, can signal the condition to the UE.  However, given that there may be a large number of different deployment scenarios with differing requirements, it is not practical to define a very large number of NS values to treat every possible one individually.  Not only does this overly complicate the specification, but it introduces a significant workload to RAN4 and introduces a large number of additional test cases for UE conformance.  Therefore, if this NS appoach is taken, effort should be made to consolidate and minimize the number of NS values.  The disadvantage is the reduced degree of optimization that can be done when grouping multiple scenarios in a smaller set of NS values.  The further disadvantage to the NS approach for regional emission requirements is that some regulators have been reluctant to rely upon the network signaled NS concept to ensure the UE complies.

2.3.5. U-MPR

An additional backoff term, denoted as U-MPR for “unlicensed”, may be considered to accommodate cases where the UE must backoff power to meet a regional regulatory requirement that is not already covered by MPR or NS triggered A-MPR.  The necessity or benefit of introducing a U-MPR term is not yet determined, but is only included here as a possibility for future discussion if warranted.

2.3.6. Output power dynamics

It is not envisioned that any of the output power dynamics requirements; i.e., Min power, off power, on/off time masks, and power control require special treatment for LAA.

2.3.7. Transmit modulation quality

The EVM requirement is currently defined for QPSK, 16QAM, and 64QAM modulations.  Since these same modulations are used for LAA, an initial assessment might be that the same EVM requirements can be maintained.  However, it should be noted that RF impacts such as phase noise are higher at the 5 GHz frequency range which may impact the ability to meet the EVM requirement.  Moreover, the interlaced waveform may generate intermodulation products coincident with transmitted RB’s, thereby degrading the TxEVM.  These impacts should be studied.  Aspects such as duration of the measurement and how to perform the measurement when uplink is multiplexed with PUSCH, PUCCH, and SRS may also require additional consideration after agreement in RAN1 is reached.  
Carrier leakage and IQ image are currently specified at -28 dBc for frequency bands below 1 GHz and -25 dBc for frequency bands above 1 GHz in recognition of the frequency dependent aspect of leakage.  Whether the -25 dBc specification can be maintained in the 5 GHz frequency range should be further studied.

In-band emissions may require additional exceptions for intermodulation products resulting from an interlaced waveform pending the agreement in RAN1.
2.3.8. Spectrum emission mask

The spectrum emission mask for LAA is restricted by the transmit mask specified by ETSI for Europe.  In other regions, the out-of-band emissions are specified at absolute frequencies outside of the band.  Therefore, it may be possible to reuse the general SEM mask as well as introduce a new mask compliant with ETSI requirements for operation in Europe.  A comparison between the general SEM and ETSI mask is shown below for a 20 MHz channel.  It can be seen that the ETSI mask is tighter than the LTE general SEM mask and will therefore require larger MPR to comply.  For this reason, it would be advantageous to define both the general SEM and an ETSI SEM so that LAA operated in regions outside of ETSI regulations and for channels located away from the band edges might benefit from smaller MPR backoff values.  The ETSI SEM should then be signaled by NS.
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Figure 1.  Comparison of ETSI mask with LTE general SEM.  The ETSI mask is tighter than general SEM.
Proposal 4:  The general SEM mask can be defined for LAA in Band 46.  Additionally, a new mask compliant to the ETSI transmit mask shall also be defined and signaled by NS. 

2.3.9. ACLR

ACLR requirements for LAA should be defined for E-UTRA bandwidth of 10 MHz and 20 MHz.  The appropriate value for ACLR to provide sufficient coexistence performance in the presence of WiFi systems was extensively discussed for the basestation.  Three proposals were provided for the basestation ACLR:  45 dB, 35 dB, and 30 dB, noting that the LTE ACLR for the basestation is specified at 45 dB.  In the end, an LAA ACLR of 35 dB was agreed for the basestation representing a 10 dB relaxation compared to LTE ACLR.  For the UE, it may also be appropriate to consider a relaxation for LAA ACLR to maintain balance between the basestation and the UE for overall coexistence.  Also, the ACS requirement for LAA has already been adjusted to allow for the interferer power to be spread over 20 MHz rather than 5 MHz.  A relaxed LAA ACLR may also permit higher transmit powers (lower MPR), especially in those regions or for channels where there is not a strict spurious emission requirement.  It is proposed to consider an ACLR of 25 dB to evaluate the impact on MPR reduction.  This value is also consistent with the ACLR regulatory requirement in some countries.  UTRA ACLR is not necessary to be specified for Band 46.

Proposal 5:  Consider a LAA ACLR of 25 dB and its impact on MPR reduction.  Other values can also be considered.  UTRA ACLR is not required for Band 46.
2.3.10. Spurious emissions

The number of possible spurious emission requirements in different regions is very large.  On one hand, it would be beneficial to capture these requirements in the 36.101 specification and to create the necessary NS values so that the network can signal the applicability of emission requirements based on the deployment.  Additionally, it may be necessary to define A-MPR tables to meet these emission requirements.  Defining these requirements, NS values, and A-MPR tables in the specifications also ensures that there is a conformance test to verify proper UE behavior to be defined in RAN5.  On the other hand, the number of different requirements might be overwhelming and in fact, may evolve over time as different countries adopt and develop regulations around the 5 GHz band.  When this similar aspect was discussed for the basestation specifications, the agreement was not to reflect the various spurious emission requirements into the 3GPP specifications but to instead include a general statement that additional regional requirements may apply.  
The range of spurious emissions limits for the SM.329 requirement of -30 dBm/MHz should be extended to include the 5th harmonic of the uppermost channel in Band 46.

Proposal 6:  Consider if and how to capture regional spurious emission requirements and associated A-MPR into 36.101.

2.3.11. LBT and DFS

LBT and DFS are regulatory requirements for some countries in some parts of the band.  It will be necessary to discuss how to incorporate these in the UE specifications.  The basestations specifications are currently discussing an energy detection test in the RF specifications.  It is not anticipated that DFS requirements will impact the UE, but instead will be managed by the network.  The timing requirements for DFS are such that the eNB can manage to avoid activity on those channels by activation/de-activation or by scheduling.  
Proposal 7:  LBT should be evaluated for UE requirements.  DFS compliance will be managed by the network.

2.3.12. Receiver requirements

Except for formatting and text changes to support uplink, they may not be additional impact to a particular CA configuration to support uplink in Band 46.  Reference sensitivity should now be considered with uplink in Band 46.  Since the uplink waveform is not fully defined, it is premature to conclude on the uplink configuration for reference sensitivity, but one possibility is to allocate all interlaces and all RB’s in the uplink for the reference sensitivity and related tests.  Since the LAA band is TDD, there is not expected to be influence from the uplink to the downlink within the same band.  However, it is possible that there may be influence from uplink in Band 46 to downlink in the paired licensed band.  For example, while it is not anticipated that any intermodulation terms between the simultaneous uplink in the licensed band and unlicensed band fall into the Rx of either band, it is possible that there is insufficient cross-band isolation between the two bands especially for the 3.5 GHz bands.  In such cases, MSD may be considered in the licensed band.

Proposal 8:  MSD may be required in the licensed Rx band for some LAA band combinations.  The degradation is only present when the LAA carrier is transmitting while the licensed band carrier is simultaneously receiving.
3. Conclusion
As described in this contribution, a number of potential changes are required in the UE RF specifications to support UL LAA operation in Rel-14.  Some of these changes are pending finaliziation of the uplink waveform from RAN1.  Other changes relate to regional regulatory requirements on transmit power level, emissions, etc. which then have further implication to MPR and A-MPR.  A fundamental question on whether to capture these regional requirement into the 3GPP specifications must be answered considering the very large number and diverse set of requirements over different regions and different portions of the band, the fact that many of the requirements are not in the form of 3GPP conducted requirements (i.e., EIRP or field strength instead of conducted power), and that these requirements themselves are likely to change and evolve over time.  On the other hand, capturing these requirements into the 3GPP specifications provides greater likelihood of proper implementation, conformance, and interoperability to encourage broad adoption of the technology.  Moreover, capturing in the 3GPP specifications provides more information than the requirements themselves but also the mechanisms for conforming to them (i.e., NS value and A-MPR tables).
Additionally, the following proposals for consideration have been made in this contribution.

Proposal 1:  Uplink LAA should first be specified for a single carrier in a licensed band as PCell, aggregated with a single carrier in the unlicensed band as SCell with priority.  After single UL LAA carrier requirements are completed, then multiple uplink LAA carriers can be studied.

Proposal 2:  Specify UL LAA in Band 46 for aggregation with a single licensed carrier in Bands 1, 2, 3, 4, 7, 41, and 42 shall be treated with priority.  Once these are completed, additional band combinations can be added as part of the 2UL/2DL basket CA work item.
Proposal 3:  Maximum output power is to be specified as 23 dBm.  Whether to specify further restrictions on maximum output power in detail (for example, using NS and A-MPR) or whether to only reference that there may exist further restrictions is a topic for continued discussion.

Proposal 4:  The general SEM mask can be defined for LAA in Band 46.  Additionally, a new mask compliant to the ETSI transmit mask shall also be defined and signaled by NS. 

Proposal 5:  Consider a LAA ACLR of 25 dB and its impact on MPR reduction.  Other values can also be considered.  UTRA ACLR is not required for Band 46.

Proposal 6:  Consider if and how to capture regional spurious emission requirements and associated A-MPR into 36.101.

Proposal 7:  LBT should be evaluated for UE requirements.  DFS compliance will be managed by the network.

Proposal 8:  MSD may be required in the licensed Rx band for some LAA band combinations.  The degradation is only present when the LAA carrier is transmitting while the licensed band carrier is simultaneously receiving.
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