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1   Introduction
In RAN3 #83 meeting, there was a way forward agreed in [1] for the study item of “multi-RAT joint operation”. The definition of “dynamic spectrum re-allocation” was requested to be clarified for further discussion in this topic.
In this contribution, the definition of DSR (Dynamic Spectrum Re-allocation) was discussed and proposed.

2   Discussion

To implement the spectrum refarming related function for multi-RAT joint operation in [2], the DSR (Dynamic Spectrum Re-allocation) is expected to make sufficient use spectrum resource in a multi-RAT situation, when the load of different RATs changed. However, the following points should be clarified:

· Spectrum Re-allocation Domain
· Usually the spectrum re-assignment can work in frequency domain, or in time domain, or in space domain. 

· Frequency domain: for example in the GSM and LTE co-existence scenario, the spectrum amount assigned to GSM or LTE can be dynamic adjusted depending on the load situation in each network. 

· Time domain, for example in UMTS and LTE co-existence scenario, since UMTS bandwidth is fixed 5MHz, in order to achieve a more efficient re-allocation mechanism, a time slot division to share the 5MHz between UMTS and LTE is possible. The percentage of time slots division can be dynamically re-allocated.
· For the space domain, the spectrum could be assigned to different technologies according to operator requirements e.g. operator policy or regulatory requirements for the licensed spectrum.
· Spectrum Re-allocation Granularity

· For the frequency domain re-allocation, the minimum frequency granularity depends on the RAT involved e.g. one GSM TCH (200 KHz) or one LTE PRB (180 KHz) for G/L case, and could be 5MHz for U/L case. 
· For the time domain re-allocation, the time slots each RAT owns can last several to tens of milliseconds for “dynamic” mechanism. It is assumed that the shared spectrum will always serves as a second carrier for the UE, so  the active UEs will not sense the unavailability of network for the quick RAT shifting in the spectrum. For “semi-dynamic” mechanism, the time slots allocated to one RAT could last hours and the other RAT is turned off during these time slots.
· For the space domain, the minimum granularity could be a cell.

· Spectrum Re-allocation Frequency
· In order to keep track of load variation in multi-RAT networks, the spectrum re-allocation adjustment is proposed to employ the same time scale as other load adaptive mechanisms, such as load balancing or ICIC mechanism. The smallest time between DSR messages which are used to indicate the spectrum re-allocation is expected to be in the order of a second.

In a summary, the definition of DSR includes the three aspects of (1) re-allocation domain; (2) re-allocation granularity for each domain; (3) adjustment frequency for the re-allocation. 

Table 1  Dynamic Spectrum Re-allocation

	　
	Full dynamic
	Semi dynamic

	Re-allocation granularity
	Frequency domain
	About 200KHz
	5MHz or several MHz

	
	Time domain
	Several to tens of milliseconds
	Hours

	
	Space domain
	A cell
	A cell

	Re-allocation frequency
	One to several seconds
	Hours


To be simplified, the definition of Dynamic Spectrum Re-allocation is proposed as following:

“The Dynamic Spectrum Re-allocation (DSR) is used to dynamically re-allocate the spectrum resource between two RATs in frequency domain,  or in time domain or space domain, while the minimum granularities for spectrum re-allocation could be 200 KHz to several MHz depends on which RATs involved, or several milliseconds to hours, or a single cell . The re-allocation could happen in seconds to hours.”

In general, the DSR is also to balance the traffic between different RATs, which is similar as current inter-RAT mobility for load balancing. However, there are some differences:


[image: image1.emf]MLB

DSR

LTE required Spectrum

G/U required Spectrum

LTE

G/U

(a)

(b)

(c)


Fig. 1 Differences between DSR and inter-RAT Load balancing
1. Usually inter-RAT mobility is possible for LTE UEs from LTE to G/U, when G/U network is overloaded with legacy UEs, they are not able to be transferred to LTE; while DSR is flexible to re-assign resource to LTE or G/U in both directions;

2. G/U has lower spectrum efficiency than LTE, transferring UEs from LTE to G/U cannot contribute as high overall capacity as DSR approach;

3. LTE UEs transferred to G/U cannot achieve as high user experience as DSR approach.

3   Conclusion 
As discussed above, the definition of Dynamic Spectrum Re-allocation was clarified from three aspects: (1) re-allocation domain; (2) re-allocation granularity for each domain; (3) adjustment frequency for the re-allocation. It is proposed RAN3 to discuss and agree to capture the following definition of DSR into the TR.
“The Dynamic Spectrum Re-allocation (DSR) is used to dynamically re-allocate the spectrum resource between two RATs in frequency domain,  or in time domain or space domain, while the minimum granularities for spectrum re-allocation could be 200 KHz to several MHz depends on which RATs involved, or several milliseconds to hours, or a single cell . The re-allocation could happen in seconds to hours.”
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