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[bookmark: _Ref273610094]Introduction
The document discusses the various scheduling options, focusing on DL LAA.
Discussion
Supported DL scheduling methods up to Release 12
Up to Release 12, there are three basic downlink resource allocation types with different frequency resolutions of the corresponding resource assignments. Basically we can characterise the types in the following way:
· RA type 0: RBG bitmap assignments, supporting assignments with RBG granularity size and locations
· RA type 1: Supporting PRB granularity size assignments, where the location is restricted to PRBs within an RBG subset
· RA type 2: Supporting PRB granularity size assignments, where the location is restricted to contiguous PRBs in localized mode or contiguous VRBs in distributed mode

In addition, as a function of the transmission mode, the UE will detect only certain DCI formats. Generally a DCI format supports only one or two RA types, as shown by the following table.
Table 1. DCI format and resource allocation type
	
	Resource allocation type 0
	Resource allocation type 1
	Resource allocation type 2

	DCI Format 1
	Supported
	Supported for BW>10 PRB
	

	DCI Format 1A/1B/1D
	
	
	Localized and Distributed

	DCI Format 1C
	
	
	Distributed

	DCI Format 2/2A/2B/2C/2D
	Supported
	Supported for BW>10 PRB
	



Necessity for DL scheduling methods in LAA 
The indoor and UMi channel models show a 90% coherence bandwidth of around 80-500 kHz, and a 50% coherence bandwidth of around 0.8-5 MHz. We can therefore expect that the radio channel shows substantial decorrelations of the channel coefficient for resource assignments that span 3-5 MHz or more. This implies that contiguous assignments of more around 15-25 PRB experience an inherent frequency diversity effect, similar to that of distributed assignments. At least from the radio channel point of view, we can therefore expect a negligible difference between contiguous and distributed resource assignments.
Observation 1: For assignments of more than 15-25 PRB, the indoor and UMi radio channels will usually show a negligible difference between contiguous and distributed assignments.
This observation holds even if the CSI feedback is known with subband granularity, as the subband size for aperiodic reports in a 20 MHz cell is defined as 1.44 MHz. For meaningful frequency scheduling, the CSI and scheduling granularity would need to be in the range of the 90% coherence bandwidth, i.e. around 1-2 PRB granularity would be necessary. We think this is unreasonable both for the required CSI feedback overhead and the corresponding required RBA field size in the DCI, especially when considering that a major use case for LAA CA is the transmission of large data bursts to a small number of users per subframe.
Given that a frequency-selective feedback may be unreliable or not available, it seems not necessary to support frequency-selective scheduling assignments with PRB or even RBG granularity. Especially for assignments larger than around 15 PRB, it would be sufficient to support a limited set of the number of assigned PRB and potential locations. Even though this sets an effective lower limit of the supported TBS conveyed via LAA to 392 bits (corresponding to 15 PRBs), the restriction does not seem too strong. In addition, the usage of a low coding rate to occupy at least 15 PRB could be to some extent compensated by transmitting those PRBs with a smaller power and putting the saved power to the remaining PRB ("power sharing"), so that other users may receive data in the remainder of the bandwidth with a higher coding rate. The power sharing impact to the clear channel assessments needs to be considered further. 
Observation 2: A scheduling granularity of smaller than around 15 PRB seems to be little motivated. If necessary, Tx power sharing could be used when multiplexing UEs with a low coding rate that would require fewer than 15 PRBs if no clear channel assessments impact is seen.
For multi-user multiplexing, it is desirable to fill the gaps in the frequency domain as much as possible. This is already supported by the three resource allocation types. Whether a more localised or more distributed assignment or PRBs exhibits benefits or drawbacks for the clear channel assessments of other nodes in range would need to be further identified. A consequence might be that certain scheduling options may become unnecessary, which might eventually facilitate the design of a more compact DCI indication.
Observation 3: The currently specified resource allocation types for downlink provide a sufficient means to multiplex several UEs without creating gaps in the spectrum. Whether a certain resource allocation type provides benefits or drawbacks for the clear channel assessment procedure would need to be identified. There is some potential to design a more compact DCI in case that certain options are identified as being non-beneficial.
Self-scheduling and Cross-scheduling for DL
Both self-scheduling and cross-carrier scheduling are supported in Rel. 12 CA, thus it seems to be natural to inherit CA architecture as much as possible. However, the conditions encountered in licensed band of CA and unlicensed band of LAA are different. 
[bookmark: _GoBack]We’d like to discuss self-scheduling first from the error performance point of view. The background for introducing cross-carrier scheduling was that the PDCCH of small cell would be always interfered by the macro eNB with an order of 10 dB higher power in HetNet scenario when EPDCCH had not been introduced yet. For the LAA scenario, though an unlicensed channel would be generally seen as unreliable compared with a licensed channel, the possibility that one node would be continuously interfered by another higher power transmitter should be much less than PDCCH in HetNet due to LBT. Hidden nodes could be a possible interference source with higher power, but the impact seems to be limited since the total number of hidden nodes would mostly be only one as we had evaluated in [1]. When frequency reuse factor one is deployed by one operator, intra-operator interference would be higher consequently but a similar transmit power is assumed at each unlicensed SCell. With EPDCCH coordination (e.g. different EPDCCH locations in frequency domain) among unlicensed SCells of the same operator, the EPDCCH performance could be controlled to some extent by frequency coordination using power (de)boosting and/or reduced code rate. Of course, there would be specific scenarios (e.g. dense deployment) where the DL control channel performance would be highly reduced, where switching the control to another carrier would be the first choice. Then cross-carrier scheduling could be adopted to optimize the performance of the DL control channel if necessary.
Secondly, from scheduling design point of view, self-scheduling could be more convenient in case of a TDD PCell. During the UL period of TDD PCell, scheduling from the licensed carrier is not possible, while no such issue exists for self-scheduling. Even if the required resource for control signals would be larger for the target BLER (e.g. 1%), more unlicensed resources could be available than licensed resources.
Based on above discussion, we think self-scheduling could be the baseline in LAA while cross-carrier scheduling could be considered in scenario where control channel performance could not be guaranteed or not sufficient.
Observation 4: Self-scheduling seems to work well in most scenarios of LAA.
Observation 5: Cross-carrier scheduling can be beneficial in higher interference scenario.

Conclusion
In this document, we have discussed several scheduling options for DL LAA, and arrived at the following observations:
Observation 1: For assignments of more than 15-25 PRB, the indoor and UMi radio channels will usually show a negligible difference between contiguous and distributed assignments.
Observation 2: A scheduling granularity of smaller than around 15 PRB seems to be little motivated. If necessary, Tx power sharing could be used when multiplexing UEs with a low coding rate that would require fewer than 15 PRBs if no clear channel assessments impact is seen.
Observation 3: The currently specified resource allocation types for downlink provide a sufficient means to multiplex several UEs without creating gaps in the spectrum. Whether a certain resource allocation type provides benefits or drawbacks for the clear channel assessment procedure would need to be identified. There is some potential to design a more compact DCI in case that certain options are identified as being non-beneficial.
Observation 4: Self-scheduling seems to work well in most scenarios of LAA.
Observation 5: Cross-carrier scheduling can be beneficial in higher interference scenario.
These observations should be taken into account for the design of LAA DL scheduling aspects such as resource assignments and DCI formats.
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