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1 Background

In this contribution we consider general aspects of Frame Structure Type 3 (FS3) operations in the CBRS band, the differences to FS2 operation in B48 and the UE requirements that need modification for FS3. We also consider the question of a new band number for FS3, except EARFCN restrictions for FS3 that are treated in a separate contribution [1]. An overview of the BS requirements for FS3 and a general exposition of the regulatory requirements in the CBRS band can be found in [2].
The objective of the WI for FS3 oeprations in the CBRS band are [3]:
The present work item aims to define usage of LAA/eLAA (i.e. LTE Frame Structure 3) in the same 3550-3700 MHz CBRS band as already defined for TDD in Band 48.  This work item only includes applicability for CBSD’s with a maximum conducted transmit power of 24 dBm and a maximum EIRP of 30 dBm in 10 MHz.  
1. Specify LTE access with Frame Structure 3 for the 3550-3700 MHz band to operate in USA

a. In the first phase of the work item with target completion June 2017 (RAN#76), specifications will be defined for downlink (LAA) access in the 3550 – 3700 MHz band when aggregated with an anchor carrier in a licensed band.

b. In the second phase of the work item, specifications will be defined for uplink and downlink (eLAA) access in the 3550 – 3700 MHz band when aggregated with an anchor carrier in a licensed band.

2. Define Core requirements for the band.  Within this work item, applicability is limited to CBSD’s with a maximum conducted transmit power of 24 dBm and a maximum EIRP of 30 dBm in 10 MHz.

· Channel bandwidths to be supported are:  10MHz and 20MHz

3. Determine whether the same band number as for LTE-TDD, or a new band number, is necessary.

4. Specify core requirements for the support of E-UTRA Carrier Aggregation (2DL/2UL) between Band 2 and the 3550-3700MHz band supporting Frame Structure 3

We consider both DL (LAA) and UL operations (eLAA) her for completeness although these are specified in different phases.  
2 Band number (Frequency Band Indicator)
From an RRC-signaling standpoint, a new band number may be needed for capability indication by FS3-capable devices. Specifying a new band number (FBI) for the range would be beneficial if the band combination attributes (band-combination parameters like e.g. MIMO and CSI processes) for a particular band combination can be different for a FS2- and FS3-capable UEs. Conversely, if the band attributes are always exactly the same, then the band-combination signaling can be reduced by indicating if a band combination (set) is supported for FS2 or FS3 or both.
A new number would not be needed for access control (e.g. cell barring in SIB1) since an FS3-capable UE cannot synchronise to an FS2 cell, and conversely. 
3 Interlaced transmissions in the UL
For Frame structure type 3 the UL transmissions are interlaced in order to meet regulatory requirements on occupied bandwidth and transmitted PSD relevant for unlicensed operation in the 5 GHz range (Band 46). For the CBRS band and GAA there are no corresponding requirements that necessitate interlaced transmissions, but this is the only option for FS3 (resource allocation Type 3); resource allocation Type 1 or Type 2 cannot be used.

According to 36.213 (Clause 8),
For a serving cell that is a LAA SCell, a UE shall 
· upon detection of an PDCCH/ EPDCCH with DCI format 0A/0B/4A/4B and with ‘PUSCH trigger A’ field set to ‘0’ in subframe n intended for the UE, or
· upon detection of PDCCH/ EPDCCH with DCI format 0A/0B/4A/4B and with ‘PUSCH trigger A’ field set to ‘1’ in the most recent subframe from subframe n-v intended for the UE, and upon detection of PDCCH with DCI CRC scrambled by CC-RNTI and with ‘PUSCH trigger B’ field set to ‘1’ in subframe n 
perform a corresponding PUSCH transmission, conditioned on the channel access procedures described in clause 15.2.1, […]
For LAA Scell, the UE shall only monitor the DCI Formats 0A/0B/4A/4B (used for the scheduling of PUSCH in an LAA Scell) that support resource allocation Type 3. 
The interlaced transmissions are defined for all UL transmission bandwidth configurations, and hence all channel bandwidths:
8.1.4

Uplink resource allocation type 3

Uplink resource allocation type 3 is only applicable for a LAA SCell. The resource allocation information for uplink resource allocation type 3 indicates to a scheduled UE a set of allocated resource blocks, 
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. A resource allocation field in the scheduling grant consists of a resource indication value (RIV).  
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 and the resource indication value corresponds to the starting resource block (
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For the 10 and 20 MHz bandwidths, the “periodicity” of the interlaces
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is N = 5 and N = 10 respectively. Henve the said interlace patterns of the 10 MHz channel can be viewed as “scaled” versions of those of the 20 MHz channel bandwidth.
4 Channel access requirements (listen-before-talk)
Support of listen-before-talk functionality for uncoordinated GAA use is the main reason for introducing FS3 in the CBRS band. The channel access procedures for sLAA Scells with FS3 are specified in Clause 15.2.1 in 36.213 Rel-14, which includes DL and UL channel access procedures for contention-based access with back-off along with requirements on the Energy Detection (ED) threshold and Maximum Channel Occupancy Time (MCOT). These procedures and requirements are consistent with regulatory requirements specified in the European harmonised standard for RLAN operations the 5 GHz range [4], but are not required for the CBRS band by the FCC R&O.
The ED threshold was devised to facilitate coexistence between eLAA and other uncoordinated eLAA or Wi-Fi systems in the 5 GHz range. The same threshold and MCOT would apply in the CBRS band.
Even though the channel access procedures are not required for the CBRS band, conformance tests similar to those mandated for Band 46 should be specified also for CBRS. This would also ensure that 3GPP certified equipment meet requirements for coexistence with other technologies introduced in the band.
5 UE requirements
5.1 UE emissions: NS value and A-MPR
Regardless of the band number(s) for the CBRS band, the unwanted emissions requirements can be indicated by the same NS value (the existing NS_27) for both FS2 and FS3, but a dedicated A-MPR table has to be specified for interlaced transmissions of FS3. 
For FS2 operations in Band 48 the “standard” MPR specified for compliance with the general E-UTRA SEM, the EUTRA_ACLR and the UTRA_ACLR is used. The MPR allowed for FS3 operations should be specified for contiguous and non-contiguous transmissions similar to that specified for Band 46, and be based on the specific CBRS SEM rather than the general E-UTRA SEM that does not apply. The -40 dBm/MHz limit that applies outside the CBRS band is indicated by NS_27 (just like the CBRS SEM) and requires A-MPR also for FS3.
5.2 ON/OFF and transmission templates
The ON/OFF mask and and transmission templated specified for FS3 operations in Band 46 can be reused for FS3 operations the CBRS band. The reasons for changing the legacy FS1/FS2 masks for Band 46 also apply for FS3 operations in the CBRS band (coexistence with uncoordinated FS3 systems and other technologies using contention-based access).
5.3 Transmit signal quality

EVM and in-band emissions requirements can be specified like for Band 46, but with in-band emissions requirements also specified for the 10 MHz channel bandwidth that is the “constituent bandwidth” in the CBRS band and the licence block of the PAL. 
5.4 REFSENS

The REFSENS requirements for FS2 can be reused for FS3 (and applicable bandwidths) since the DL resource indication is the same. This could also be adopted for exceptions for HD and IMD despite the interlace transmissions of FS3.
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