
3GPP TSG RAN WG1 Meeting #84bits
R1-162259
Busan, Korea 11th - 15th April 2016
Source:
CATT
Title:
PUSCH design for Rel-14 eLAA
Agenda Item:
7.3.1.1
Document for:
Discussion/Decision
1 Introduction

In RAN1#84, the PUSCH design for Rel-14 eLAA was discussed with the following  [1]
Agreements:
· At least RB-level multi-cluster transmission (>2) is supported for eLAA PUSCH

· FFS: Detailed design

· FFS: Support of legacy resource allocation for PUSCH
In this contribution, we discuss the details of PUSCH design in support of eLAA UL.

2 Discussion
2.1 RB level based PUSH design 
By RB level multi-cluster PUSCH transmission, the regulatory requirement on the occupied bandwidth [2] can be met if the PUSCH transmission is spread in to a sufficient large bandwidth. In addition to the occupied channel bandwidth, another ETSI requirement of power spectral density should also be satisfied, which is described as follows [2].
Table 1: TPC, Transmit power and power spectral density requirements in Europe

	
	Freq. range (MHz)
	Max Mean EIRP (dBm)
	Max Mean EIRP density (dBm/MHz)
	Comment

	WAS/RLAN
	5150-5350
	23
	10
	20 MHz and 40 MHz channels

	
	5470-5725
	30
	17
	


According to the regulatory requirements of PSD, transmit power should be uniformly distributed in entire bandwidth as much as possible, in order to reduce the PSD of each sub-band while fully utilize the UE total transmit power. Considering of the defined 1MHz resolution bandwidth for PSD testing [3], PUSCH signal power should be equally distributed in each 1MHz bandwidth such that the maximum 23dBm UE Tx power can be fully utilized, without violating the PSD requirement, i.e. maximum 10dBm per 1MHz subband. Therefore it should be allowed to distribute the PUSCH transmission in each 1MHz subband at least when the maximum Tx power is utilized, 20 can be considered as the maximum number of PUSCH clusters. In case of reduced Tx power case (i.e. the maximum Tx power is not fully utilized), it could be considered to reduce the number of PUSCH clusters (e.g. 10 clusters), the actual allocated number of clusters can be decided by the eNB scheduler. For RB level frequency distributed structure with 10 interlaces, if maximum UE Tx power is not less than 20dBm, 20 clusters corresponding to at least 2 interlaces evenly distributed in frequency should be applied, otherwise regulatory requirements of PSD is not satisfied as shown in figure 1 with 10 cluster case.
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Figure 1: RB level frequency distributed transmission in each 1MHz sub-band
Multiplexing of multiple UEs with different traffic amounts in one UL subframe should be supported for LAA. A simple approach is that different sizes of consecutive PRBs in each cluster can be scheduled to UEs with different traffic needs, as shown in figure 2, in which each UE transmits PUSCH with 10 clusters. 
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Figure 2: Multiplexing of multiple UEs with different traffics in one UL subframe 
Observation 1: To meet regulatory requirements of PSD, PUSCH transmit power should be equally distributed in to the allocated transmission bandwidth as much as possible. 
Proposal 1: Maximum number of PUSCH cluster 20 can be considered in order to fully utilize the maximum UE Tx power while meeting the regulation on PSD.
Proposal 2: Multiplexing of multiple UE PUSCH with different traffic needs in one UL subframe should be supported for eLAA.
2.2 Support of TDM in UL transmission
For LAA UL transmission, in addition to the FDM, TDM multiplexing of different UEs in adjacent subframes can also be considered. However, as shown in figure 3, the FDM type of scheduling is more beneficial in terms of less LBT overhead thus can be utilized as long as it is possible. 
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Figure 3: Illustration of UL FDM (left) and UL TDM (right)
It should also be noted that multi-user TDM in multiple UL subframes is not avoidable in reality, considering the amount of UL traffics for each UEs can be different. In order to allow UE access for UL transmission the channel within the TXOP, some UL resources should be reserved to create a CCA gap. To avoid large LBT overhead, one symbol can be blanked for LBT purpose. One symbol is sufficient for performing 25us cat.2 LBT. For Cat 4, the LBT process may exceed the one symbol time duration, however, the LBT counter can be frozen at the symbol boundary and the counting down can be continued in the next CCA gap in the next subframe. In other words, the CCA counter will not be reset in each CCA gap. Therefore, it can be considered to use one OFDM symbol as CCA gap for both cat.2 and cat.4 LBT. Furthermore, to reduce LBT overhead, there is no need to reserve the CCA gap in every UL subframe and eNB should be able to dynamically indicate whether these is a CCA gap in a per subframe basis. DCI can be used for such indication. About the position of CCA gap within the UL subframe, there are two alternatives can be considered. 
· Alt.1: CCA can be located in the starting symbol of the subframe that is intended for PUSCH transmission,  as shown in figure 4(left). In this alternative, the LBT can be “self-contained” within the PUSCH subframe, without impacting the previous subframe and hence the SRS symbol position can be kept unchanged.  
· Alt.2: The configured SRS symbol in the n-1 subframe can be used as CCA gap to get the channel access for PUSCH transmission in subframe n. In this option, the pre-configured SRS symbols, if not utilized by real SRS transmission, can be utilized as CCA gap, therefore no additional CCA gap in the next subframe intended for PUSCH transmission is required and the overhead is reduced. 
In our view, both alternatives should be supported and they can be complementary to each other. 
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Figure 4: CCA gap is located in starting symbol (left) or empty SRS symbol (right) of a UL subframe
Proposal 3: CCA gap should be defined in UL subframe to facilitate TDM scheduling of UEs, in particular
· For PUSCH transmission in subframe n, following CCA gap positions are supported
· CCA gap locates in the 1st symbol of subframe n
· CCA gap locates in the last symbol of subframe n-1
· The presence of CCA gap in an UL subframe is dynamically indicated by DCI. 
Proposal 4: For Cat. 4 LBT in UL, if the CCA process does not succeed within a CCA gap, the remaining backoff counter at the UE should be frozen until the next CCA gap. 
2.3 UL power control for LAA Scell
For LTE network, once the required QoS is achieved at eNB, UL transmitter power shall be minimized to reduce inter-cell interference and maximize the battery life of UE. However, in LAA, if the UE with low transmitting power is not detected by WIFI AP adjacent to eNB, the WIFI AP may transmit during the UE transmission such that the reception performance at eNB will be seriously degraded. An example of such hidden node problem is shown in figure 3, where UE UL performance transmission is seriously damaged by hidden node WIFI AP since the two devices cannot listen to each other and therefore transmit simultaneously. Although it could be considered for the LAA UE to always use the maximum Tx power, but this degrades the UE battery life significantly therefore not preferred. 
As an alternative solution, eNB could identify the presence and potentially the signal strength of neighbor WIFI nodes according to network measurement or UE reporting. Then eNB decides the transmission power target of UE to ensure roughly that the received strength of UE signal at the WIFI AP location is higher than the CCA threshold, e.g. -62dBm. The Tx power adjustment can be achieved by eNB signals the proper Po value of the UE power control formula. 
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Figure 3: Example of UL hidden nodes
Proposal 5: UL power control method on LAA Scell should be considered to mitigate the hidden node problem.
3 Conclusion
In this contribution, we discuss PUSCH design for LAA. The above discussion is summarized with following observations and proposals:
Observation 1: To meet regulatory requirements of PSD, PUSCH transmit power should be equally distributed in to the allocated transmission bandwidth as much as possible. 
Proposal 1: Maximum number of PUSCH cluster 20 can be considered in order to fully utilize the maximum UE Tx power while meeting the regulation on PSD.
Proposal 2: Multiplexing of multiple UE PUSCH with different traffic needs in one UL subframe should be supported for eLAA.
Proposal 3: CCA gap should be defined in UL subframe to facilitate TDM scheduling of UEs, in particular

· For PUSCH transmission in subframe n, following CCA gap positions are supported

· CCA gap locates in the 1st symbol of subframe n

· CCA gap locates in the last symbol of subframe n-1
· The presence of CCA gap in an UL subframe is dynamically indicated by DCI. 
Proposal 4: For Cat. 4 LBT in UL, if the CCA process does not succeed within a CCA gap, the remaining backoff counter at the UE should be frozen until the next CCA gap. 

Proposal 5: UL power control method on LAA Scell should be considered to mitigate the hidden node problem.
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