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1. Introduction
As RAN1 completed core specification work for Rel-14 eLAA design, RAN4 is supposed to start work on corresponding performance requirements. In WID [1], objective of performance part WI is stated as 
Specify the necessary UE and base station performance requirements to support UL carrier aggregation for an LAA SCell using Frame Structure type 3.

In this contribution, we will review key aspect of eLAA design to support UL carrier aggregation for LAA SCell and provide our view on UE and BS performance requirements.  
2. eLAA design review
RAN1 design for Rel-14 eLAA has following key aspect to support UL transmission in LAA SCell. 
· Channel access procedure for UL transmission

· PUSCH transmission 
· UL scheduling and DCI design
· C-PDCCH for UL configuration signaling

· SRS transmission

2.1. Channel access procedure
PUSCH transmission in LAA SCell is also subject to LBT to guarantee coexistence with other radio transmission in unlicensed spectrum. For self-scheduling of PUSCH, eNB can share channel occupancy obtained by Cat 4 LBT with UE. If the total duration of DL and UL transmissions is less than the channel occupancy duration, it is sufficient for the UE to perform single 25us LBT to access the channel. Otherwise, UE has to perform its own Cat 4 LBT to obtain channel access for PUSCH transmission. eNB can indicate LBT type, i.e., 25us LBT or Cat 4 LBT, in DCI for PUSCH grant. 
2.2. PUSCH transmission
In eLAA design, basic unit of PUSCH resource allocation is RB interlace that consists of 10 RBs equally spaced over the whole bandwidth. For 20MHz system bandwidth, there are 10 RB interlaces and k-th interlace consists of {k, k+10, k+20, …, k+90} RBs. RAN1 specified a new resource allocation mapping to allow contiguous and selected non-contiguous interlace level resource allocation. 
PUSCH start positions and end positions are dynamically indicated in DCI. 
PUSCH start position

· Start of symbol 0

· Start of symbol 1

· 25us after start of symbol 0

· 25us + TA after start of symbol 0

PUSCH end position

· Symbol 12

· Symbol 13

2.3. UL scheduling and DCI design
For PUSCH scheduling, regular and two stage scheduling were defined. In regular scheduling, PUSCH is transmitted after D>4 subframe where D is indicated in DCI for PUSCH grant. In two stage scheduling, initial UL grant for PUSCH preparation and triggering DCI for actual transmission is separated as shown in figure 1. Two stage scheduling allows better utilization of channel occupancy time for UL transmission by reducing the gap between scheduling and PUSCH transmission. 
To reduce PUSCH scheduling overhead, eLAA design allows multi-subframe grant by DCI 0B and 4B. When UE is configured with DCI 0B and/or DCI 4B with M subframe grants, eNB can provide PUSCH scheduling for up to M consecutive subframes. For example, when UE is configured with DCI 0B with M=4, one DCI grant can schedule PUSCH transmission in 1, 2, 3, or 4 consecutive subframe. 
Another new aspect of DCI design is that DCI format 0A, 0B, 4A and 4B can be independent enabled/disabled by RRC configuration while maintaining same number of blind decoding candidates by pdcch-candidateAdjustment. Note that number of DCI bits are different for different DCI format.  
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Figure 1. Two stage scheduling for eLAA UL transmission
2.4. C-PDCCH for UL configuration signaling
eNB can provide cell-specific C-PDCCH signaling to inform UEs of potential UL configuration. Signaling includes {offset, duration} to indicate when UL subframe starts and ends as illustrated in figure 2. 
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Figure 2. UL configuration signaling by C-PDCCH
UE can perform simpler 25us LBT when scheduled PUSCH transmission is within UL duration as indicated in C-PDCCH irrespective of LBT type indicated in DCI for PUSCH grant. Also, UE can skip DL monitoring when particular subframe is indicated as UL subframe. 
2.5. SRS transmission
In eLAA SCell, aperiodic SRS transmission is supported and periodic SRS transmission is not supported. SRS can be triggered either in DL and UL subframe based on pre-configured SRS configuration by RRC signaling. 
3. UE performance requirements
Rel-14 eLAA design is mainly to enable UL transmission in LAA SCell. To enable PUSCH transmission in LAA SCell and proper LBT operation, UE needs to handle PDCCH with new DCI format. 
· DCI 0A and 4A with new DCI field to support single subframe PUSCH grant

· DCI 0B and 4B to support multiple subframe PUSCH grant

· C-PDCCH for UL subframe configuration

Furthermore, since DCI format 0A, 4A, 0B and 4B can be independently enabled/disabled by RRC configuration, UE might have to decode up to 4 different type of DCI format for UL grant. 

From UE implementation point of view, PDCCH blind decoding is Rel-8 LTE functionality that has been verified implicitly in various conformance tests. Introduction of new DCI format for PUSCH grant with potentially multiple DCI format candidates would require change in PDCCH decoding block. However, such change is simple modification to existing blind decoding function and would not warrant introduction of separate performance tests. Furthermore, substantial portion  of PDCCH decoding for Rel-14 eLAA will be implicitly covered by RF transmit test and RRM tests that involves PUSCH transmission in LAA SCell. 
Proposal 1. Don’t specify separate PDCCH demodulation test to verify PDCCH blind decoding of new DCI format. 

4. BS performance requirements

4.1. PUSCH demodulation

For PUSCH transmission in LAA SCell, RAN1 introduced various new features for PUSCH transmission. 

· PUSCH transmission subject to LBT operation

· new PUSCH resource allocation using RB interlace as basic resource allocation unit
· dynamic signaling of PUSCH starting and ending position

Other aspect RAN4 should consider is that UL transmission in LAA SCell is defined with UL CA, i.e., there is always UL carrier in PCell as primary carrier. 
Main difference of PUSCH demodulation in unlicensed relative to licensed cell is that PUSCH transmission is subject to LBT. LBT can be a simple 25us LBT or Cat. 4 LBT depending on eNB scheduling. At least for cross-carrier scheduling, UE might have to perform Cat. 4 LBT to acquire channel access for PUSCH transmission. This implies that there is substantial probability that PUSCH transmission is blocked due to LBT failure. In licensed carrier, PUSCH transmission might be missing due to UE’s PDCCH decoding failure but the probability is usually very low. In LAA SCell, missing PUSCH transmission can happen quite often and eNB should be able to detect presence/absence of PUSCH transmission when PUSCH grant is provided to the UE. 
Proposal 2. Missing PUSCH transmission due to LBT failure should be modeled in PUSCH demodulation test. 

RAN1 defined a new PUSCH resource allocation using RB interlace as basic resource unit. In Rel-13 PUSCH transmission, RB allocation is supposed to be continuous within transmission bandwidth. When PUSCH from multiple UEs are received simultaneously in one subframe, PUSCH demodulation performance degradation due to other UE’s PUSCH transmission are limited since only adjacent RBs are affected. However, with PUSCH resource allocation with RB interlace, all PUSCH RBs might be affected by PUSCH transmission from other UEs. Furthermore, PUSCH transmission from different UEs might have different timing and frequency offset and eNB should be able to maintain good demodulation performance under such condition. 
Proposal 3. RAN4 should model PUSCH from multiple UEs with different timing and frequency offset to verify PUSCH demodulation performance with RB interlace resource allocation. 
Starting and ending position of PUSCH transmission can be dynamically changed based on DCI signaling. In case there is mismatch between DCI signaling for starting and ending position and PUSCH processing, there would be PUSCH performance degradation. RAN4 should consider verification of eNB’s proper implementation of DCI signaling for starting and ending position and PUSCH demodulation processing. SRS processing. 
Proposal 4. RAN4 should investigate test configuration to enforce dynamic signaling of PUSCH starting and ending position in PUSCH demodulation test. 
Since UL configuration in LAA SCell is always accompanied by UL cell in licensed band, RAN4 should specify PUSCH demodulation test in CA framework. CA test framework for DL CA can be used to accommodate future extension to multiple UL CCs in licensed and unlicensed band. 
Proposal 5. RAN4 should specify CA framework for PUSCH demodulation test in LAA SCell. CA test framework for DL CA can be used to accommodate future extension to multiple UL CCs in licensed and unlicensed band.
There are various new features that are firstly introduced for PUSCH transmission in LAA SCell. Therefore, it is essential to guarantee that eNB can maintain good performance in various CINR condition. RAN4 should specify PUSCH demodulation test in both low and medium to high CINR condition. Since UE can also support 64QAM and 256QAM in LAA SCell, RAN4 should include at least 64QAM test. Test for 256QAM can be considered later after 256QAM demodulation performance requirement in licensed band is introduced. 
Proposal 6. Specify PUSCH demodulation test for QPSK 1/3, 16QAM 1/2 and 64QAM 1/2. 

5. Conclusions

In this contribution, we reviewed key aspect of eLAA design and provided our view on UE and BS performance requirements.  Our proposals are 

Proposal 1. Don’t specify separate PDCCH demodulation test to verify PDCCH blind decoding of new DCI format. 

Proposal 2. Missing PUSCH transmission due to LBT failure should be modeled in PUSCH demodulation test. 

Proposal 3. RAN4 should model PUSCH from multiple UEs with different timing and frequency offset to verify PUSCH demodulation performance with RB interlace resource allocation. 

Proposal 4. RAN4 should investigate test configuration to enforce dynamic signaling of PUSCH starting and ending position in PUSCH demodulation test. 

Proposal 5. RAN4 should specify CA framework for PUSCH demodulation test in LAA SCell. CA test framework for DL CA can be used to accommodate future extension to multiple UL CCs in licensed and unlicensed band.

Proposal 6. Specify PUSCH demodulation test for QPSK 1/3, 16QAM 1/2 and 64QAM 1/2. 
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