3GPP TSG RAN WG1 Meeting #81
R1-153228
Fukuoka, Japan, May 25 – 29, 2015
Agenda Item:
6.2.4.3
Source:
Huawei, HiSilicon
Title:
UL transmission design for LAA
Document for:
Discussion/Decision
1 Introduction
In the previous RAN1 meeting, support of UL transmission in LAA system is discussed and the following agreements were reached.
· For asynchronous UL HARQ for UL HARQ operation, PHICH is not used

· For asynchronous UL HARQ for UL HARQ operation, UL grant DCI contains following information fields

· HARQ process number

· Redundancy version
· For PUSCH, extending the current single and dual cluster allocation to multi-cluster (>2) allocation (e.g. RBs/subcarriers spaced uniformly in frequency) is identified as a candidate waveform that satisfies regulatory requirements and maximizes coverage
· FFS: Number of clusters needed

· FFS: Size of each cluster
· FFS: Spacing between clusters or subcarriers
· Support of SRS transmissions on LAA SCell is recommended for LAA UL
· For a UE, SRS transmission with PUSCH is supported 

· FFS if SRS transmission without PUSCH is supported

· If supported, FFS whether with or without LBT

This contribution will further analyze the support of UL transmission in the LAA system, with respect to LBT scheme applied to UL, multi-user multiplexing and UL control channel.
2 Design principle for UL transmission
UL transmission in the current LTE system is based on the eNB centralized scheduling or configuration. However, channel availability should firstly be guaranteed for UL transmission on the unlicensed spectrum. In Europe and Japan, the LBT regulations should be satisfied to transmit signals through unlicensed spectrum. 
Two possible alternatives were discussed in terms of whether master-slave mode can be used for UL LBT (UE or eNB performs LBT) [2]~[8]:
Alternative1: UE performs LBT for UL transmission

European LBT regulation [10] requires channel clear assessment before transmission per device without differentiating device types. In this sense, the straightforward way for scheduling-based UL transmission is that after scheduling indication is received, the UE is required to perform LBT before transmission. If the CCA results indicate the channel is available, the UE would transmit UL data according to the eNB scheduling; otherwise, the UE would give up this transmission. 

With this alternative, UL scheduling indication and corresponding UL resources would be wasted if the UE fails to access the channel in CCA procedure. In addition, the channel accessibility of each UE is unpredictable at the eNB side when the eNB performs centralized scheduling for all the served UEs. As a result, the spectrum usage would be inefficient due to a mismatch between the eNB scheduling and the UE LBT results.
Alternative 2: eNB performs LBT for the UE UL transmission

One possible solution to handle the mismatch between eNB scheduling and UE LBT results is to allow the eNB to perform LBT for the UE before scheduling. For example, once the eNB senses that it is allowed to occupy the channel, the eNB transmits UL scheduling information to its served UEs and holds the channel until the UE transmits. UE will not do LBT anymore before transmission.
In comparison to alternative 1, UE could transmit every time a corresponding UL scheduling grant is received. However, this master-slave mode is not allowed by European LBT regulation. In addition, this alternative also has drawbacks in spectrum inefficiency since the eNB has to transmit some reservation signal to hold the place for the UE even there is no DL data for deliver. 
Therefore, alternative 1 is preferred considering system performance and common framework with regulation restriction.

Proposal 1: It is preferable that the UE performs LBT before UL transmission.
When UE senses the channel availability with LBT mechanism, energy detection is used to determine whether a channel is occupied or not. The energy detection threshold, defined in the Europe regulation [10] states that:

The energy detection threshold for the CCA shall be proportional to the maximum transmit power (PH) of the transmitter: for a 23 dBm e.i.r.p. transmitter the CCA threshold level (TL) shall be equal or lower than ‑73 dBm/MHz at the input to the receiver (assuming a 0 dBi receive antenna). For other transmit power levels, the CCA threshold level TL shall be calculated using the formula: TL = -73 dBm/MHz + 23 - PH (assuming a 0 dBi receive antenna and PH specified in dBm e.i.r.p.).
With this regulation, UEs with higher transmit power have to use lower energy detection threshold which aims to expend the sensing range of this UE and avoid strong interference to other equipments.

In LTE PHY design, UL power control is adjusted by the eNB. If the eNB schedules a UE to transmit with high power level, the corresponding energy detection threshold is decreased and it may be difficult for this UE to get the transmission opportunity, which causes a scheduling failure and spectrum inefficiency. 
Therefore, it is beneficial to take into account the UE CCA sensing threshold when the eNB conducts UL power control, to achieve a good tradeoff between UL link adaptation and channel contention opportunity.
Proposal 2: It is beneficial to take into account the UE CCA sensing threshold when the eNB conducts UL power control.
3 UL data transmission on the unlicensed spectrum in the LAA system

3.1 LBT scheme for UL data transmission

In [9], LBE and FBE are compared and based on the analysis the pros/cons of LBE and FBE for DL LAA system are summarized. The main advantage of LBE based mechanism is that CCA can be performed at any time which brings more opportunities to access the unlicensed spectrum and flexible transmission duration can adapt to the system load. For FBE based mechanism, the main advantage is having clear frame timing, e.g. the end of the Idle Period can always be at the subframe boundary.
However, for UL transmission, the advantage of LBE does not exists as the transmission can only happen in scheduled resource, reducing the use of LBE-based scheme which is actually benefiting from flexible starting point of transmission for better channel contention capability. Therefore, it should be a good choice for UE to perform FBE based mechanism for UL transmission.

Observation 1: FBE based mechanism for UL transmission matches well with the scheduling-based UL transmission.
3.2 Frame structure for DL/UL data transmission on the unlicensed spectrum
When UL and DL data transmissions on the unlicensed spectrum are supported on the same carrier, a straightforward approach would be to reuse the TDD frame structure. One option is mandating the supported uplink-downlink configurations of a cell should be one of the existing TDD DL/UL configurations [11] within a radio frame, where the eNB and UE have to switch the RX and TX state according to the DL/UL subframe configuration. However, considering LBT, eNB and UEs have to perform CCA just before transmission, which means the fixed DL/UL pattern may have significantly negative impact on the efficiency of channel contention and use. For example, eNB may have to give up DL transmission within 3ms as following 2 subframes are UL subframe, even though the channel is allowed to be used with continuous 10 ms. Thus, the channel occupancy opportunity at the eNB and the UE side is not well adapted to a fixed DL/UL subframe configuration.

Another option is that the DL and UL transmission does not follow the TDD frame structure. Instead the DL and UL transmission can start at any subframe and finish at any subframe if necessary, as long as the regulation requirements are satisfied. This provides more flexibility for both DL and UL transmissions. With this option, the DL control signals for UL transmission and UL control signals for DL transmission can be based on the aid of PCell, as has been supported with carrier aggregation.
Detailed discussion for the support of DL and UL transmission operation on the same unlicensed carrier is addressed in [1]. With the analysis, it is proposed that flexible DL/UL configuration other than the current TDD configurations can be supported for DL and UL transmission burst over the same unlicensed carrier. Based on scheduling, any subframe can be included in a DL transmission burst or a UL transmission burst.
Proposal 3: It is recommended for LAA to transmit DL transmission bursts and UL transmission bursts on the same unlicensed carrier. Based on scheduling, any subframe can be included in a DL transmission burst or a UL transmission burst.
3.3 UL multiplexing of multiple UEs
In LTE, multiple UEs’ transmission can be multiplexed in frequency domain and/or in spatial domain by MU-MIMO. It was agreed in the LAA Ad-hoc meeting that: 
· Target the support of UL multiplexing of multiple UEs in one subframe by

· Multiplexing in frequency domain

· The supported resource assignment (e.g. number and location of allocated RBs) is FFS

· Multiplexing by MU-MIMO
Some restriction for use of frequency from regulation [10] is that the Nominal Channel Bandwidth shall be at least 5 MHz for any potential transmission and the Occupied Channel Bandwidth shall be between 80 % and 100 % of the declared Nominal Channel Bandwidth. In case of smart antenna systems (devices with multiple transmit chains) each of the transmit chains shall meet this requirement. The Nominal Channel Bandwidth is the widest band of frequencies, inclusive of guard bands, assigned to a single channel. The Occupied Channel Bandwidth is the bandwidth containing 99 % of the power of the signal. Also power density requirements are defined in [10]. The spectrum analyzer would output a peak value for every 100KHz. 99% of the accumulated peak value in whole bandwidth should spread at least in the 80% of the channel bandwidth.
The main principle of above mentioned restriction is that the UE should occupy most of the declared bandwidth for UL transmission and the transmission power density should not fluctuate too much within the occupied channel bandwidth. 
In order to achieve the multiple UE frequency multiplexing gain while satisfying the regulation requirement, there are two alternatives.

Alternative1: Flexible configured Nominal Channel Bandwidth
To satisfy the requirements of the Occupied Channel Bandwidth not less than 80% of the declared Nominal Channel Bandwidth and the declared Nominal Channel Bandwidth not less than 5MHz, the UE can declare the Nominal Channel Bandwidth as part of the total bandwidth of the SCell in the unlicensed spectrum and the declaration can be configured and updated according to scheduling requirements. As the example in the Fig.1 below, the eNB can configure the UE to operate with a bandwidth of 5MHz which is selected from candidates A, B, C or D at one time and update the configuration when necessary. Thus the UL 20MHz can be multiplexed by multiple UEs in frequency domain.


[image: image1.emf]Total bandwidth: 20MHz

A

B

C

N

o

m

i

n

a

l

 

C

h

a

n

n

e

l

C

a

n

d

i

d

a

t

e

s

D


Fig.1 An example of multiple UE multiplexing in frequency domain
Alternative2:Multi-cluster allocation
Another alternative is to allocate discontinuous resources for UEs in the frequency domain. The unit of allocated resources could be multiple RBs or subcarriers. With distributed subcarrier cluster, the single- carrier property could be kept as long as the spacing between the subcarriers is fixed. For example, four UEs can be multiplexed in one subframe when the UE1 is allocated the 1st, 5th, 9th,… subcarriers in the frequency band while UE2 is allocated the 2nd, 6th, 10th,… subcarriers, and so on. On the other hand, if the multiple discontinuous RBs in the frequency are allocated to one UE, the UE maximum transmission power may be reduced due to the necessary power reduction caused by discontinuous transmission as addressed in [13]. Besides, discontinuous RBs transmission could not satisfy the the power density requirements in European which is the “accumulated peak value in whole bandwidth should spread at least in the 80% of the channel bandwidth” and a resolution bandwidth of 100k Hz is set for test. Therefore, the subcarrier level distributed comb-like resource allocation should be firstly considered to achieve multiple UE multiplexing on the unlicensed spectrum. Besides, in order to satisfy the requirement that the Occupied Channel Bandwidth shall be between 80 % and 100 % of the Nominal Channel Bandwidth, the allocated resource should span almost the whole bandwidth.
Moreover, the two alternatives can also be combined to provide more flexible multiplexing among the UEs UL transmission. 
Proposal 4: Consider multiple/adaptive Nominal Channel Bandwidth configuration and subcarrier level distributed comb-like resource allocation to achieve multiple UE multiplexing in the frequency domain.
4 Uplink control channel transmission in LAA system
Uplink control information transmitted on the PUCCH channel to support DL transmission can be carried on the PCell in licensed spectrum as defined in the current carrier aggregation mechanism. When one SCell configured with PUCCH transmission is on the unlicensed spectrum, LBT is also needed for the PUCCH transmission as discussed above. If the channel is unavailable after LBT detection, the UE has to give up the PUCCH transmission. Then the UCI which is expected to be transmitted in the PUCCH on SCell is failed which would lead to impacts on the DL transmission efficiency. Similarly, if the UCI transmission is piggybacked to the PUSCH on the unlicensed spectrum the DL transmission efficiency would also be impacted for the opportunistic channel occupancy of the PUSCH transmission. However, with the increase of number of configured LAA carriers, the PUCCH overload in the licensed cell would be a problem if restricting UCI transmission only happen in licensed carriers. Then transmitting UCI in the unlicensed spectrum could be considered.  

Proposal 5: UCI transmission through the unlicensed carrier is not precluded. 
RACH procedure is mainly used for acquiring TA value, requesting the UL resources, and obtaining the initial transmission power [14].
For PRACH transmission, as discussed above, the UE should also perform LBT on the Scell for the PRACH transmission at the predefined subframe. After the PRACH transmission is achieved, the eNB indicates the UE about timing advance value in the response procedure. Then the UE performs UL transmission with the adjusted timing. The LBT mechanism may make the procedure more difficult to be accomplished within the expected timescale. It is noted that the coverage of small cells on the unlicensed frequency is small in general. Taking the cell radius of 40m as an example, the largest round-trip delay in the cell is about 0.27us which is much less than the time advance adjustment granularity 0.52us. Consequently, transmitting PRACH in the LAA SCell for the purpose of acquiring TA value could be unnecessary.
It is agreed in RAN2 that “As a baseline use existing CA functionalities for LAA”. In CA, there is no contention based RACH in SCell, because it is sufficient to request uplink resource through PCell. Therefore, there is no need of transmitting PRACH in the LAA SCell for the purpose of acquiring uplink resource.
In the traditional LTE network, UE remembers the power of the latest preamble transmission, and adjusts the power of the following uplink transmission using the TPC command from eNB. It could decrease the interference to neighbor cell in the same frequency and increase the probability of successful transmission. If there is no contention, normally the first preamble could be received successfully by the eNB and the initial uplink transmission power is equal to the value decided by the open loop power control. Considering that the LBT operation is required in LAA cell when a transmission is made to make sure the channel is clean, the open loop method is enough to decide initial uplink transmission power. As a result, transmitting PRACH in the LAA SCell for the purpose of acquiring the initial power of uplink transmission could be exempted.
In summary, it is observed that the use of PRACH procedure in LAA SCell is not critical.
Proposal 6: Not support PRACH in LAA SCell.
SRS transmission would be needed on the unlicensed spectrum since SRS is useful to support the UL and DL channel estimation. It is agreed that for a UE, SRS transmission with PUSCH should be supported. One SRS transmission occupies 1~2 UL OFDM symbols in the current specification. If SRS is transmitted without PUSCH, the minimum value of channel occupancy time of FBE cannot be satisfied since the minimum value of channel occupancy time should be 1ms with FBE regulation in European. Then further SRS structure design may be needed for support of SRS transmission without PUSCH which means additional specification efforts. Another option is take the SRS transmission as a short control message which means no LBT needed for SRS. However, the short control message transmission without LBT is only allowed in certain regions.

Observation 2: To support SRS transmission without PUSCH, further SRS structure design may be needed and additional specification efforts are needed.
5 Conclusions

In this contribution, how to support UL transmission for LAA system is analyzed. There are the following proposals and observations.
Proposal 1: It is preferable that the UE performs LBT before UL transmission.
Proposal 2: It is beneficial to take into account the UE CCA sensing threshold when the eNB conducts UL power control.
Observation 1: FBE based mechanism for UL transmission matches well with the scheduling-based UL transmission.
Proposal 3: It is recommended for LAA to transmit DL transmission bursts and UL transmission bursts on the same unlicensed carrier. Based on scheduling, any subframe can be included in a DL transmission burst or a UL transmission burst.
Proposal 4: Consider multiple/adaptive Nominal Channel Bandwidth configuration and subcarrier level distributed comb-like resource allocation to achieve multiple UE multiplexing in the frequency domain.
Proposal 5: UCI transmission through the unlicensed carrier is not precluded. 
Proposal 6: Not support PRACH in LAA SCell.
Observation 2: To support SRS transmission without PUSCH, further SRS structure design may be needed and additional specification efforts are needed.
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