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1 Introduction

In RAN1 84 meeting, it is agreed to support the non-contention based PRACH transmission on LAA Scell [1]. In RAN1 84b meeting, there is a working assumption that PRACH resource configuration in time and frequency in LAA Scell could be RRC configured and FFS whether it can be dynamically changed. In this contribution, we focus on enhanced L1 random access procedure based on RAN1’s progress, while our companion contribution provides our views on PRACH signal structure and PRACH resource configuration [2].  

Working Assumption:

· 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
2 Discussion  
2.1    Existing L1 random access procedure 
L1 random access procedure encompasses the transmission of random access preamble and random access response. 
For non-contention based RA, eNB triggers the random access preamble transmission by PDCCH order. It is noted that for multi-TAGs case, cross-carrier triggering is supported. That is, the UE could use the carrier indicator field value from the detected "PDCCH order" to determine the serving cell for the corresponding random access preamble transmission. 
Firstly, when UE receives the PDCCH order in subframe n, UE shall, if requested by higher layer, transmit random access preamble in the first subframe
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, where a PRACH resource is available. The PRACH configuration is given by high-layer, including sequence set, subframe set and frequency resource/resource set (for TDD). PDCCH order dynamically indicates one preamble sequence and one combination of time/frequency resource by 6 bits Preamble index and 4 bits PRACH Mask Index respectively.. UE transmits the corresponding preamble on the indicated frequency/time domain resource.  
Then, once the eNB detects the RA preamble, the eNB knows of the access by the UE and the random access procedure is terminated by transmission of the RA response within the RA response window. The RA response window starts at the subframe contains the end of the preamble transmission plus three subframes and has length ra-ResponseWindowSize subframes. If eNB fails to detect the RA preamble, no RAR is transmitted. At the UE side, if no RA response is received in subframe n, where subframe n is the last subframe of the RA response window, the UE shall, if requested by higher layers, be ready to transmit a new preamble sequence no later than in subframe n + 4. On the other hand, if UE receives the correct RA response within the RA response window, UE could prepare to transmit PUSCH according to the UL grant in RA response. 
2.2    Enhanced L1 random access procedure 

As is discussed in [2], the existing RRC configured PRACH resource, including subframe, frequency and sequence set, should be reused for PRACH transmission on LAA Scell. Then, one time/frequency/sequence resource out of the configured set can be determined from the PDCCH order in a similar manner as in Rel-13.  However, sometimes, the semi-static PRACH time resource may not efficiently cope with the dynamically changed UL/DL configuration on LAA Scell. To improve the PRACH resource efficiency, it would be desirable to introduce the L1 indication of PRACH time resource on top of RRC configured PRACH resource.. In detail, the RRC configured PRACH resource may be indicated in pre-configured manner (e.g. first UL subframe of UL burst) or by a specific PRACH configuration like existing one for FDD/TDD, and the reference timing of PRACH configuration  is dynamically by common DCI or PDCCH order. Either some of the reserved bits in DCI 1A or adding new bits in DCI 1A could be considered. 
 Proposal 1: PRACH subframe could be dynamically indicated by L1 signalling on top of RRC configuration. Either common DCI or PDCCH order indication could be considered.  
On unlicensed cells, the random access preamble transmission in the indicated PRACH subframe could not be   guaranteed due to LBT. The whole random access procedure will be delayed when single opportunity of UE to transmit PRACH preamble is failed. And even worse, potential UL transmissions on all UL carriers within the same TAG would be delayed. 
To reduce the undesirable latency, methods to increase the channel access probability should be studied. 
· Faster LBT

It is reasonable to adopt similar LBT mechanism of DRS-only transmission to PRACH transmission, i.e. one-shot CCA together with higher energy detection threshold. The reasons are,
· PRACH transmission is prioritized over other UL channels/signals on unlicensed cells, because other UL channels/signals can be transmitted only if the uplink synchronization is established. 
· The duration of PRACH would be no longer than DRS, i.e. no longer than 1ms considering the typical coverage of the unlicensed cells. 
· The transmission density of PRACH from one UE would be less than DRS, because re-establish/establish of initial UL synchronization of one TAG is less frequently than “periodic” DRS transmission.  Based on the argument above, the one-shot CCA is preferred.
The 25us one-shot LBT could be performed no matter the UL subframe is within or outside of eNB shared MCOT. If there is some concern on fair coexistence issue outside of eNB shared MCOT, Cat-4 LBT with very small backoff counter could be considered. The CW size is fixed or configured by eNB, which is not adaptively adjusted. 

To support multiplexing of PRACH transmission from different UEs, the alignment of CCA is required such as self-deferral if Cat-4 LBT is applied.  It is noted that no TA is available before PRACH transmission. Thus, the PRACH transmission is based on DL timing. Furthermore, to support multiplexing of PRACH transmission and PUSCH transmission from different UEs, the reservation signal transmission according to the DL timing by PUSCH UE needs to be considered [3]. Even though eNB can at least schedule PRACH transmission at UL subframe without PUSCH transmission, for instance, at the end of MCOT or right after DL burst, it would not be efficient due to reduction of LBT success probability or less chance to schedule PRACH transmission. 
· More LBT opportunity 

According to the current random access procedure, a UE has only one chance to transmit PRACH before the end of RA response window. Once the UE fails LBT at that time instance, the UE has to wait at least (3 + ra-ResponseWindowSize) ms to try again. To provide more LBT opportunities, either time-domain or CC-domain enhancement could be studied.  Furthermore, the combination of time and CC-domain enhancement could also be considered to get more diversity from different time scale until successful LBT. 
· Multiple PRACH transmission opportunities within one “ PRACH transmission window”
Similar to DRS transmission in DMTC window, if LBT prevents transmission of PRACH in the fixed subframe (indicated subframe by PDCCH order), allow the PRACH to be transmitted in different subframe(s) within the configured PRACH transmission window if LBT succeeds. However, sometimes, the channel may be consecutively busy within one subframe or within one PRACH transmission window.  
eNB shall try to detect PRACH on all these possible locations within the PRACH transmission window. The RA response window starts at the subframe n+3, where the subframe n is the subframe detecting the PRACH transmission or the last subframe of the PRACH transmission window if no PRACH is detected within the window.  
UE shall again try to transmit PRACH within the PRACH transmission window if UE does not receive RA response in the RA response window.  Although the UE does not expect to receive RA response if the UE fails to transmit PRACH in the PRACH transmission window, the UE still has to wait until the RA response window to avoid the confusion of new PRACH transmission. 
It is noted that the length of PRACH transmission window should consider the trade off between the increased transmission opportunity, eNB detection complexity and the potential impact on UL channels/signals from other UEs.
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Figure 1
· Multiple PRACH transmission opportunities on multiple Scells in the same TAG
Considering the interference on multiple Scells could be different, the probability of successful LBT on one of multiple Scells would be clearly increased compared with LBT on one fixed Scell. 

There are two possible ways. 

· Reuse the existing one-to-one PDCCH order triggered PRACH transmission, but eNB could transmit multiple PDCCH order on multiple Scells. The PRACH resource indication (preamble and MASK index) in each PDCCH order could be different or same up to eNB implementation. Then, UE performs LBT on multiple Scells triggered by PDCCH order.  Once the LBT on one CC succeeds, UE transmits PRACH on that CC and UE shall stop the attempt on other UL CCs.  On the other hand, if LBT on all CCs fails, UE shall wait until the end of the RA response window and then try LBT on multiple CCs again. The RA response window could start independently on each CC or could start at the same time, e.g. at the end of last PRACH transmission opportunity for all CCs. It should be taken into account whether only single RAR window is used or multiple RAR windows is operated in parallel, from the implementation perspective.
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Figure 2(a) Separate RA window on each CC                      Figure 2(b) Common RA window across CCs
· New one-to-many triggered mechanism. One PDCCH order could trigger LBT on multiple UL CCs. The PRACH resource indication on multiple UL CCs is the same. Since the same preamble and mask index is shared across CCs, it may be beneficial to use differently generated RA-RNTI per CC for distinction of Scell. UE could perform LBT on the UL CC with earliest PRACH subframe, and try the next UL CC if the LBT failure condition is met on first UL CC or guided by the configured rule like timer-based one. If the PRACH subframe is the same for multiple UL CCs, the order could be pre-defined. Once the LBT on one CC succeeds, UE transmits PRACH on that CC and UE shall stop the attempt on other UL CCs.  On the other hand, if LBT on all available CCs fail in specific time duration, UE shall wait until the end of the RA response window and then try LBT for preamble transmission on multiple CCs again. The RA response window could start at the same time regardless of LBT results.
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Figure 3 Common RA window across CCs
For all alternatives, RA response window may need modification, but RA response is still transmitted on the Pcell that is always a licensed carrier. Then, RAR transmission/reception is not subject to LBT.  
Proposal 2:Faster LBT, such as 25 us LBT or Cat-4 LBT with fixed small CW size, should be applied to PRACH transmission.  

Proposal 3: Mechanism to increase the LBT opportunities, such as multiple PRACH transmission opportunities in multiple subframes or on multiple Scells in the same TAG should be studied. 

Similar to PRACH dropping in Dual Connectivity, the power ramping of PRACH would be held if UE fails LBT and does not transmit PRACH on unlicensed cells. In single CC scenario, we can choose either way between holding power ramping up even though when retry counter reaches to maximum or holding retry counter if single PRACH transmission is failed due to blocking. In multiple CCs scenario, common retry counter is used for multiple CCs or individual retry counter is used per CC. At latter case, power ramping up is triggered any retry counter reaches to maximum. By the way, shorter back-off parameter can be configured for unlicensed cell when retry counter is held due to LBT failure. It is helpful not to incur the delay of power ramping subject to LBT.
Proposal 4: Power ramping procedure should be modified considering retry counting and back-off operation subject to LBT impacts.
3 Conclusions
Based on the discussion above, we have the following proposals:

Proposal 1: PRACH subframe could be dynamically indicated by L1 signalling. Either common DCI or PDCCH order indication could be considered.  
 Proposal 2: Faster LBT, such as 25 us LBT or Cat-4 LBT with fixed small CW size, should be applied to PRACH transmission.  

Proposal 3: Mechanism to increase the LBT opportunities, such as multiple PRACH transmission opportunities in multiple subframes or on multiple Scells in the same TAG should be studied. 
Proposal 4: Power ramping procedure should be modified considering retry counting and back-off operation subject to LBT impacts.
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