3GPP TSG RAN WG1 Meeting #85    	                                                                     R1-164131
Nanjing, China, 23rd – 27th May 2016  

[bookmark: Source]Agenda Item:	6.2.1.4
Source: 		Intel Corporation
Title:	PRACH Transmission for eLAA
Document for: 	Discussion/Decision
Introduction
In the legacy LTE system, PRACH is supported on SCells for UL synchronization to facilitate multiple Timing Advance (TA) needed for CA Scenario 4 with non-co-located cells. With the same motivation, it has been agreed in RAN1 #84 meeting that contention-free PRACH is supported, while the contention based PRACH is not supported in Rel-14 eLAA systems. In addition, the following working assumptions were made on RAN1 #84bis meeting [1]:
· PRACH resource configuration in time and frequency in LAA SCell:
· RRC configuration of frequency resource(s), sequence set, and time domain resources
· Omitting time domain resources from the RRC configuration can be studied, considering e.g. interactions with LBT. 
· FFS whether any of the following can be dynamically adapted by PDCCH, or deterministically derived by the UE:
· time domain resources
· frequency resources for actual transmission
· sequences for actual transmission
· If using PDCCH, FFS whether common or UE-specific
In this contribution, we discuss the design details of PRACH on LAA SCells. Specifically, the design of PRACH waveform, resource allocation, LBT method, and transmission schemes are discussed. 
PRACH Waveform Design
To meet the 80% occupied channel bandwidth (OCB) regulation, interlace allocation has been agreed for PUSCH transmission. Similar to PUSCH, the interlace allocation is a candidate waveform for PRACH to meet the OCB regulation. However, as evaluated in our companion contribution [2], the interlace allocation has much lower timing estimation accuracy, compared to continuous RB allocation which is the allocation used for legacy PRACH. Thus, to improve the timing estimation accuracy and to minimize the spec changes, the PRACH design can utilize the temporal allowance of the narrow band operation by ETSI BRAN harmonized standard [3]. That is, it is allowed for a device to operate temporarily with an OCB below 80% of its nominal channel bandwidth with a minimum of 4 MHz during an established communication. In the current up-to-date draft version of the harmonized standards, the allowed temporal operation bandwidth has been lowered to 2 MHz mainly to accommodate the IEEE 802.11ax OFDMA scheduling mode. Based on the recent ETSI BRAN harmonized standard, we propose to allocate continuous 12 RBs (corresponding to 2.16 MHz) for PRACH transmission. 
Proposal 1: PRACH for eLAA uses continuous 12 RBs.

The PRACH design with continuous RB allocation can be extended from legacy PRACH format 4 as below.
· Subcarrier spacing: Double the legacy PRACH format 4 subcarrier spacing of 7.5 kHz to 15 kHz.
· Preamble sequence: The legacy PRACH sequences of format 4 with length of 139 are used. The occupied bandwidth of 139-length sequence is 2.085 MHz, which is larger than 2MHz required for the temporary transmission with continuous RBs. 
· Guard subcarriers: In legacy LTE, PRACH format 4 has guard band of 2 subcarriers and 3 subcarriers with subcarrier spacing of 7.5 kHz at the two ends of allocated resources, respectively. Thus, the 139-length sequence is mapped to remaining 139 subcarriers. With the doubled subcarrier spacing of 15 kHz that is the same as PUSCH subcarrier spacing, the guard band is actually not needed. However, still the 2 subcarriers and 3 subcarriers at the two ends of 12 allocated RBs for PRACH can be vacated to fit the 139-length sequence into the center 139 subcarriers having 15 kHz spacing without modification. 
· CP and GT duration: Let CP and GT be the same as legacy PRACH format 4, i.e., CP has duration of 14.58 μs and GT has duration of 9.38 μs.
· Enhancement to compensate power backoff due to PSD regulation: There is a PSD regulation on the maximal transmission power with a resolution bandwidth of 1 MHz: ETSI specification requires maximum PSD of 10 dBm/MHz for 5150-5350 MHz, and FCC requires maximum PSD of 11 dBm/MHz for 5150-5350 MHz. With continuous RB allocation, the transmission power needs backoff of about 7dB in order to meet the above PSD regulation. This may limit the coverage area of PRACH. To compensate this power backoff, we propose to repeat the PRACH transmission in time domain to fit into one UL subframe, as illustrated in Figure 1. The PRACH transmission consists of one CP, k repeated preamble transmissions, and one GT, with k = 13 or 14 that is sufficient to compensate the power backoff. The selection of k is configured by eNB, e.g. via PDCCH order.
· With k = 14, we have total PRACH transmission duration of 957.3 μs, with remaining 42.7 μs within the subframe that can be used for LBT gap.
· With k = 13, we have total PRACH transmission duration of 890.6 μs, with remaining 109.4 μs within the subframe that can be used for SRS transmission and LBT gap.
· UE Multiplexing: PRACH from different UEs can be multiplexed via cyclic shifts. Given the subcarrier spacing is doubled and thus the symbol duration is shortened compared to legacy PRACH, larger cyclic shifts need to be configured for the same cell size compared to legacy PRACH format 4.
· Frequency Multiplexing with interlaced transmission (e.g. PUSCH): if frequency multiplexing of PRACH and interlaced transmission (e.g. PUSCH) is supported, the REs of the interlaced structure that overlap with PRACH resources need to be reserved, i.e. the UE scheduled with interlaced transmission will not transmit on the REs that are allocated for PRACH transmission of other UEs. This can be indicated by eNB via e.g. PDCCH. 
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Figure 1. Illustration of PRACH waveform design, where the PRACH preamble is repeated multiple times in the time domain. The parameter k is 13 if SRS is configured or 14.

Proposal 2: We propose the PRACH structure with continuous RB allocation as follows:
· PRACH has subcarrier spacing of 15 kHz.
· The preamble sequences of legacy PRACH format 4 are used. Specifically, a set of ZC sequences with length of 139 is mapped to 139 subcarriers within the continuous 12 RBs, with the 2 subcarriers and 3 subcarriers left for guard band at the two ends of the continuous resources.
· The PRACH transmission consists of one CP, multiple repeated preamble symbols, and one GT:
· The CP and GT duration is the same as PRACH format 4, where CP is 14.58 μs and GT is 9.38 μs.
· The repeated preambles are used to compensate the power backoff due to PSD regulation, which can be configured to 13 (if SRS is configured) or 14 repetitions.
· PRACH from different UEs can be multiplexed via cyclic shifts.
· If frequency multiplexing of PRACH and interlaced transmission (e.g. PUSCH) is supported, the UEs scheduled with interlaced transmission do not transmit on the REs that overlap with resources allocated to PRACH of other UEs. 
PRACH Resource Configuration
Same as legacy LTE, we propose to let the PDCCH order assign the PRACH preamble index. 
For the frequency resource configuration, we propose to also follow the legacy LTE design, where frequency resources are semi-statically configured via RRC signalling. 
On the other hand, for time resource allocation, periodic resource allocation method in legacy LTE is no longer appropriate for eLAA, due to the flexible frame structure in LAA. Thus, we propose to dynamically allocate time resources to PRACH. Specifically, we propose to let PDCCH order indicate the timing location where PRACH should be transmitted. The indication can be either explicit by extending the PDCCH order to include the timing scheduling information for PRACH, or implicit by predefining a timing relationship between the PDCCH order and PRACH. 
Proposal 3: The PRACH preamble and resources are configured as follows:
· PDCCH order indicates the PRACH preamble index.
· Frequency resource is semi-statically configured via RRC.
· Time resource of PRACH (i.e. when to transmit) is dynamically indicated by PDCCH order. 
LBT Method for PRACH on LAA SCells
The LBT method for PDCCH order only transmission on LAA SCells follows the LBT method for UL grant only transmission. 
For PRACH preamble, we propose to adopt the LBT method the same as PUSCH. Specifically, when the PRACH is within TxOP, it is subject to no LBT (if the gap between the PRACH transmission and end of preceding DL transmission is within 16 μs) or a single-interval LBT; when the PRACH is outside of TxOP, it is subject to the Cat-4 LBT.
Proposal 4: The LBT method for PDCCH order only transmission follows the LBT method for UL grant only transmission. The LBT method for PRACH preamble transmission follows the LBT method for PUSCH:
· Within TxOP: No LBT if the gap between the PRACH transmission and the end of preceding DL transmission is within 16 μs, or subject to single-interval LBT.
· Outsize TxOP: Subject to Cat-4 LBT.
PRACH Transmission Enhancement
PRACH transmission may be blocked due to LBT. To increase the PRACH transmission opportunities, the following methods can be considered. 
· A transmission window can be configured, within which the PRACH preamble can be transmitted on one of the subframes depending on channel availability. The transmission window size can be in unit of absolution time, i.e., in terms of ms, or taking into account only the available UL subframes for PRACH transmission. 
In this method, the larger the size of the transmission window, the higher the transmission probability of PRACH preamble would be. However, tighter resource coordination among different PRACH preambles is needed to avoid RA-RNTI collision, if larger transmission window size is used. Specifically, two PRACH preambles cannot be allocated with overlapped transmission windows and the same interlace, since the RA-RNTI may be the same for these two PRACH preambles if they are transmitted in the same subframe. 
· Resources for PRACH preamble transmission can be allocated on multiple LAA SCells within the same sTAG. UE performs LBT on all these LAA SCells which are configured with PRACH resources, and transmits PRACH preamble on one of these SCells whose channel is sensed to be idle, as illustrated in Figure 2. The set of LAA SCells that need to reserve PRACH resources can be semi-statically configured via higher layer signalling (e.g. RRC signalling), or dynamically configured via L1 signalling (e.g. DCI). When multiple SCells are sensed to have idle channels, a pre-defined selection rule can be used, e.g., the SCell with smaller cell index can have a higher priority in the selection. Note that in this method, eNB needs to blindly detect on which SCell the PRACH preamble is transmitted, which may result in high complexity at eNB. 



[bookmark: _Ref447223133]Figure 2. Illustration of PRACH transmission on the LAA SCell, where multiple SCells are configured to allocate resources for PRACH preamble transmission.
Proposal 5: Consider the following methods to increase the transmission opportunities of PRACH preamble:
· Configure a transmission window, within which the PRACH preamble is transmitted on one of the subframes subject to LBT.
· Allocate resources for PRACH preamble transmission on multiple LAA SCells within the same sTAG. UE performs LBT on these LAA SCells which are configured with PRACH resources, and transmits PRACH preamble on one of these SCells whose channel is sensed to be idle.
Conclusion
In this contribution, we discussed the PRACH design for eLAA and made the following proposals. 
Proposal 1: PRACH for eLAA uses continuous 12 RBs.
Proposal 2: We propose the PRACH structure with continuous RB allocation as follows:
· PRACH has subcarrier spacing of 15 kHz.
· The preamble sequence of legacy PRACH format 4 is reused. Specifically, a set of ZC sequences with length of 139 is mapped to 139 subcarriers within the continuous 12 RBs, with the 2 subcarriers and 3 subcarriers left for guard band at the two ends of the continuous resources.
· The PRACH transmission consists of one CP, multiple repeated preamble symbols, and one GT:
· The CP and GT duration is the same as PRACH format 4, where CP is 14.58 μs and GT is 9.38 μs.
· The repeated preambles are used to compensate the power backoff due to PSD regulation, which can be configured to 13 (if SRS is configured) or 14 repetitions.
· PRACH from different UEs can be multiplexed via cyclic shifts.
· If frequency multiplexing of PRACH and interlaced transmission (e.g. PUSCH) is supported, the UEs scheduled with interlaced transmission do not transmit on the REs that overlap with resources allocated to PRACH of other UEs. 
Proposal 3: The PRACH preamble and resources are configured as follows:
· PDCCH order indicates the PRACH preamble index.
· Frequency resource is semi-statically configured via RRC.
· Time resource of PRACH (i.e. when to transmit) is dynamically indicated by PDCCH order. 
Proposal 4: The LBT method for PDCCH order only transmission follows the LBT method for UL grant only transmission. The LBT method for PRACH preamble transmission follows the LBT method for PUSCH:
· Within TxOP: No LBT if the gap between the PRACH transmission and the end of preceding DL transmission is within 16 μs, or subject to single-interval LBT.
· Outsize TxOP: Subject to Cat-4 LBT.
Proposal 5: Consider the following methods to increase the transmission opportunities of PRACH preamble:
· Configure a transmission window, within which the PRACH preamble is transmitted on one of the subframes subject to LBT.
· Allocate resources for PRACH preamble transmission on multiple LAA SCells within the same sTAG. UE performs LBT on these LAA SCells which are configured with PRACH resources, and transmits PRACH preamble on one of these SCells whose channel is sensed to be idle.
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