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1   Introduction
“In unlicensed spectrum, channel availibility cannot always be guaranteed. In addition, certain regions such as Europe and Japan prohibit continuous transmission and impose limits on the maximum duration of a transmission burst in the unlicensed spectrum. Hence, discontinuous transmission with limited maximum transmission duration is a required functionality for LAA.” [1]
This contribution analyzes the impact of the discontinuous transmission on the user plane protocols. 

2   Discussion
2.1   PDCP and RLC Protocols
PDCP and RLC entities serve all serving cells of CA, of which at least PCell is on licensed band and is not exposed to the discontinuous transmission required in LAA system. Hence, it is not necessary to introduce any modification to PDCP and RLC.
Observation 1: There is no impact on PDCP and RLC protocols.
2.2   MAC Protocol
2.2.1   HARQ process
The main issue for HARQ operation in LAA system is the uncertainty of the cell availability for the HARQ re-transmission. The Figure 1 illustrates an example, in which the maximum transmission duration of an LAA cell has been reached before the 3rd transmission of a HARQ transmission can be performed. 
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Figure 1: HARQ issue in LAA cell

There may be 3 alternatives to address this issue:
· Alternative 1: to keep HARQ retransmission on the same LAA cell
This is to maintain the HARQ process on the LAA cell and to continue the retransmission whenever the LAA frequency becomes available again. Because the channel can be acquired again only through contention, there may be large variability in how soon the retransmission can be performed. This may lead to some complexity in provisioning the user plane, e.g., t-Reordering timer in RLC to control the overall performance. 
· Alternative 2: to move HARQ retransmission on another cell
The retransmission may also be performed via another cell, for example, the primary cell or another SCell. This will change the current modelling of a HARQ process, as it may be linked to two or more cells.
· Alternative 3: to not extend HARQ process beyond the maximum transmission duration
A HARQ process is targeted (e.g., by choosing appropriate MCS level) to be completed within the time duration an LAA cell holds the channel. A new HARQ transmission is started when the LAA cell acquires the channel again after an LBT operation. 
Hence, the impact of the maximum transmission duration on the HARQ operation can be handled in LAA system either through properly setting operation parameters or by allowing more flexible retransmission in time or on serving cells.
Observation 2: The impact of the maximum transmission duration on the HARQ operation can be handled in LAA system either through properly setting operation parameters to limit the needed number of transmissions or by allowing more flexible retransmission in time or on serving cells.
2.2.2   Activation/deactivation
Activation/deactivation has been applied in CA to control a UE’s active monitoring of an SCell. However, there may be a transition time of 24 ms or more in the activation/deactivation process. The maximum transmission duration of an LAA cell may be limited to only a few milliseconds. Hence, the current activation/deactivation process can not be used in LAA system to control a UE to monitor an LAA cell only when it transmits. 

Observation 3: The current activation/deactivation process can not be used in LAA system to control a UE to monitor an LAA cell only when it transmits.

2.2.3   DRX process
The basic object of DRX is power saving for UE. In order to simplify the UE action, UE applies the same DRX behaviour on PCell and all the SCells in CA. However, if the same pattern is also applied to LAA cell, eNB may encounter very strict limitation in scheduling, because it could only transmit to UE when UE is in active state and when the LAA cell is available. On the other side, if UE applies DRX on normal cell(s) but still monitors LAA cell all the time, this leads to smaller saving in UE power consumption, as the circuit serving unlicensed band can not be turned off.
Observation 4: The benefit of DRX operation may be subdued in LAA system.
2.2.4   UL specific issues
In case that DL and UL are both supported in an LAA cell, there are also certain UL specific issues to be studied.
2.2.4.1   UL resource assignment
Considering the short duration of channel availability to an LAA cell, the 4ms between UL grant assignment and the uplink transmission is too long. If eNB assigns uplink resource in LAA cell in the first available DL sub-frame, UE can only transmit the first uplink data in the fifth sub-frame in LAA cell. If uplink grant is assigned via a licensed cell before LAA cell detects clear channel, there is a risk that the uplink grant may be wasted, as LAA cell may not succeed the contention in acquiring the channel.
Observation 5: The current scheduling mechanism for UL transmission may not be efficient in LAA cell.

2.2.4.2   Random access procedure
If there is UL transmission in an LAA cell, RA may need to be triggered to help UE adjust timing advance. Even for a contention free RA, the procedure may take 10 - 20ms, which can not be completed within the maximum transmission duration of an LAA cell. When the channel has to be given up on an LAA cell, RA process would have to stop and can not resume until LAA cell acquires the channel later. Figure 2 shows the interruption to the successive preamble transmissions, caused by discontinuous transmission on LAA cell.
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Figure 2: RA procedure in LAA cell
Hence, the discontinuous transmission on LAA cell can cause interruption to RA procedure. It also makes it difficult to estimate the upper bound of the time of a RA procedure.    
Observation 6:  The discontinuous transmission on LAA cell can cause interruption to RA procedure, and makes it difficult to estimate the upper bound of the procedure time.
2.2.4.3   PHR procedure
The current PHR triggering process requires UE to monitor the reference cell continuously to detect whether the path loss has changed more than a threshold. This may face some challenge when discontinuous transmission occurs in LAA cell. UE needs to discount the variation of signal strength of a LAA cell, when it stops the transmission.
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Figure 3: Pathloss estimation
Observation 7: The variation of signal strength due to discontinuous transmission should be properly discounted in PHR procedure on LAA cell.

3   Conclusion
This contribution analyzes the impact of the discontinuous transmission on the user plane protocols, and arrives at the following observations:
Observation 1: There is no impact on PDCP and RLC protocols.
Observation 2: The impact of the maximum transmission duration on the HARQ operation can be handled in LAA system either through properly setting operation parameters to limit the needed number of transmissions or by allowing more flexible retransmission in time or on serving cells.
Observation 3: The current activation/deactivation process can not be used in LAA system to control a UE to monitor an LAA cell only when it transmits.
Observation 4: The benefit of DRX operation may be subdued in LAA systems.
Observation 5: The current scheduling mechanism for UL transmission may not be efficient in LAA cell. 

Observation 6:  The discontinuous transmission on LAA cell can cause interruption to RA procedure, and makes it difficult to estimate the upper bound of the procedure time.
Observation 7: The variation of signal strength due to discontinuous transmission should be properly discounted in PHR procedure on LAA cell.
4   Reference

[1] R1-145474, “3GPP TR 36.889 v0.1.0”.

































































































































3GPP


_1484057915.vsd
�

提示框标注。选取形状然后开始键入。按照实际需要，调整框的大小。移动控制手柄可将指针对准要标注的对象。�

LAA cell on


LAA cell


LAA cell on


t


UE discounts the variation of signal strength when LAA cell is off.



_1484127853.vsd
�

Normal cell


LAA cell


RAR window


...


Preamble
2nd


Preamble
1st



_1483962117.vsd
�

Primary cell


LAA cell


1st transmission


2nd transmission


3rd transmission


New data


Alternative 1


Alternative 3


3rd transmission


Alternative 2



