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1   Introduction
During the Multi-RAT joint coordination discussion in the RAN3#84 meeting, the dynamic spectrum re-allocation scenario and use cases have been captured in [1] for further study. And the problem of “spectrum hole” was also defined in [1].
Spectrum Hole:
The spectrum hole is a portion of the spectrum licensed to the operator which for some reasons at some time in some places is not used.
It is time to give solutions to solve the identified problems, in the identified scenarios as followed:

· Spectrum hole in long term

· Spectrum hole in short term

· Spectrum hole in space

· Local vs. large-scale averages

This contribution gives possible solutions for spectrum hole problems in short, long term, and in space.

2   Possible solutions for Spectrum Holes
2.1 Static spectrum refarming
Static spectrum refarming is used by operators to reallocate a certain amount of spectrum from a legacy RAT to an advanced RAT permanently in a whole network or a certain geography area level, when the traffic demand difference between them reaches a certain degree. 
Usually a typical static spectrum refarming procedure includes the following steps:

1. Network analysis: to determine if spectrum refarming is needed and how many spectrums should be reallocated by analyzing such as network/cell load situation, network performance, configurations and fault data of past several months/years in the network.
2. Parameter audit: to determine which parameters should be changed, how the parameter worked before the refarming and how to configure these parameters after refarming.

3. Neighbour plan: to reconfigure the neighbour relationships with the new network configuration, considering the changed coverage, capacity and frequency.

4. Frequency plan: to determine how to design the left frequency to satisfy the remnant traffic.

5. Network optimization: after spectrum refarming completion, many network parameters and configurations needs to be well optimized, to make the network adapt to the new situation.

6. Drive test: drive test may be required to verify the refarming result for the network.
The main drawbacks of static spectrum refarming can be concluded easily as following.

· Low reallocation efficiency. Performing above static refarming steps consumes long time and several rounds to optimize the new network. 

· Low spectrum usage efficiency. Spectrum holes always exist between the two adjacent refarming time points.
· High OPEX. Complicated and redundant refarming procedures and network optimization and verification procedures will bring high OPEX for operators.

· Service interruption. The network in the refarming frequency will not provide services in spectrum refarming period.
· Not applicable for spatial spectrum holes. 

· No support of bi-direction spectrum reallocation.

Therefore, static spectrum refarming is observed as a one-way spectrum reallocation approach from a legacy RAT to an advanced RAT to solve spectrum holes in long term. It is obviously not applicable for solving short/middle time, and spatial spectrum holes.
2.2 Semi-static spectrum re-allocation
The semi-static spectrum reallocation is characterized by following bullets:

1. The semi-static spectrum re-allocation solution re-allocates the spectrum between GSM/UMTS and LTE in time granularity of hours to days. 
2. The space granularity of the re-allocation is cell level or cluster of cells level.
3. The bandwidth to be reallocated may be fixed or flexible. E.g. allocating 5MHz UMTS spectrum to LTE each time, or allocating 3MHz/5MHz/10 MHz GSM spectrums to LTE.
4. All available spectrum resources are initially split into three parts: dedicated carriers for legacy RAT, dedicated carriers for advanced RAT, and shared carriers. The dedicated carriers are exclusive for each RAT and used to provide basic continuous coverage. The shared carriers will be used by two RATs in a coordinated way. The legacy RAT uses the shared carriers as a normal cell. And the advanced RAT uses it as a component carrier.
5. The initial allocation for all spectrums and reallocation pattern for the shared spectrums will be configured by OAM according to the statistics of traffic model of the two RATs. 
6. The reallocation patterns for the shared spectrums describers how many carriers are used by legacy RAT, how many are used by advanced RAT in a certain time period. The reallocation pattern switching may be fixed configured by OAM, or triggered by traffic variation along time.
· G-L semi-static spectrum re-allocation

Figure 2.2.1 shows an example of semi-static spectrum re-allocation between GSM and LTE with two hours spectrum reallocation period. In Figure 2.2.1, BCCH is placed in the dedicate spectrum of GSM to provide continuous coverage. And also LTE has a dedicate carrier as the LTE coverage layer. The rest of GSM spectrum is assigned as shared spectrum, in which GSM TCH and LTE secondary carrier co-exist in a coordinated way. 
From Figure 2.2.1, we can see that the shared spectrum is totally allocated to GSM at the beginning. And the shared spectrums are reallocated to LTE along with the decreasing of GSM traffic. The GSM shall release the unused spectrum according to the pr-configured pattern. If the GSM load is increased, the shared spectrum used by LTE will be retrieved back to GSM. There is no impact and service interruption for LTE, since the shared spectrum is used as a component carrier by LTE.
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Figure 2.2.1 G-L semi-static spectrum re-allocations

The main problem for G-L semi static spectrum reallocation is that LTE component carrier which uses spectrums shared from GSM at the border of spectrum reallocation area and GSM carriers using the same spectrum at the out border may interfere with each other. Inter-RAT interference coordination may be needed to manage the interference at the reallocation border.
· U-L semi-static spectrum re-allocation

Figure 2.2.2 shows an example of semi-static spectrum re-allocation between UMTS and LTE with two hours spectrum reallocation period. In Figure 2.2.1, the top of 5MHz are assigned to UMTS as dedicated carrier to provide continuous coverage. And also at the bottom LTE has a 5MHz dedicate carrier as the LTE coverage layer. The rest of UMTS spectrum is assigned as shared spectrum.
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Figure 2.2.2 U-L semi-static spectrum re-allocation

From Figure 2.2.1, we can see that the shared spectrum is totally allocated to UMTS at the beginning. And the shared spectrums are reallocated to LTE along with the decreasing of UMTS traffic. The UMTS shall release the unused spectrum according to the pr-configured pattern. If the UMTS load is increased, the shared spectrum used by LTE will be retrieved back to UMTS. There is no impact and service interruption for LTE, since the shared spectrum is used as a component carrier by LTE.
Similar inter-RAT interference as G-L may exist at the border of reallocation between UMTS and LTE. The interference may only exist at the uplink, since the downlink transmit power density of LTE and UMTS are similar and constant. Inter RAT uplink TX power coordination mechanism (e.g. like OI procedure on X2 interface in LTE) may be needed to manage the interference.
 2.3 Dynamic spectrum re-allocation
The dynamic spectrum reallocation is characterized by following bullets:

1. The dynamic spectrum re-allocation solution re-allocates the spectrum between GSM/UMTS and LTE in time granularity of seconds or minutes.
2. The space granularity of the re-allocation is cell level.

3. All available spectrum resources are initially split into three parts: dedicated carriers for legacy RAT, dedicated carriers for advanced RAT, and shared carriers. The dedicated carriers are exclusive for each RAT and used to provide basic continuous coverage. The shared carriers will be used by two RATs with coordination on frequency domain or time domain.
· G-L dynamic spectrum re-allocation

In order to realize the dynamic spectrum re-allocation, the solution can be implemented in frequency domain as shown in Figure 2.3.1. Since the shared spectrum is used by GSM and LTE at the same time, a coordination mechanism is needed between GSM and LTE, to inform LTE which resources are occupied by GSM for TCHs in the shared spectrum. The LTE should not schedule any UEs on these resources.
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Figure 2.3.1 G-L dynamic spectrum re-allocation in frequency domain

There was some concern raised in [2] for potential emergency capacity reservation for GSM, because the emergency handling is not the GSM only capability, and it is very difficult to predict when and how large an emergency situation will happen in certain areas. If without DSR, large amount of resource must be reserved, even though actually it happens very rarely. With DSR we can make use of the reserved spectrum in most of time and improve the performance greatly. Even if the system detects that the large amount of GSM resource is needed, a quick rollback of GSM dominated network is ensured.

· U-L dynamic spectrum re-allocation
For U-L dynamic spectrum re-allocation, LTE or UMTS uses the shared spectrum as secondary carrier, as shown in Figure 2.3.2. The two RATs use the shared spectrum with scheduling in a coordinated manner in frequency domain or time domain. UMTS can use the shared spectrum as DC secondary carrier, and LTE can use the shared spectrum as CA secondary carrier. 

The timeslots allocation for UMTS and LTE of the shared spectrum is depicted in Figure 2.3.2. For the UMTS timeslots, UMTS channels are transmitted normally on the secondary carrier, and no LTE signal is transmitted during those timeslots on the shared spectrum. In LTE timeslots, LTE channels are transmitted normally on the secondary carrier and no UMTS signal is transmitted during these timeslots on the shared spectrum. The percentage of U/L timeslot lengths is determined by U/L load percentage, and can be adjusted dynamically when the traffic pattern changes. 
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Figure 2.3.2 U-L dynamic spectrum re-allocation

Similar mechanism as semi-static reallocation can be used to solve the interference at the cell border.
2.4 Comparison of different solutions
The comparison for all these possible solutions is shown in the following table:

	
	Static
	Semi-static
	dynamic

	Long term spectrum hole
	Yes
	Yes
	Yes

	Short term spectrum hole
	No
	Yes (hourly or daily)
	Yes

	Space spectrum hole
	No
	Yes
	Yes

	Flexibility
	Low
	Middle
	High

	Reliability
	High
	High
	Middle

	Complexity
	Low
	Middle
	High

	Efficiency
	Low
	Middle
	High


3   Conclusion / Proposals
In this contribution, we present the possible solutions to solve the spectrum hole problems identified in RAN3#84 meeting and a comparison of these solutions is made. 
It is proposed RAN3 to agree the TP in section 5.
4   Reference

[1] 3GPP TR37.870, “Study on Multi-RAT joint coordination (Release 13)”.
[2] 3GPP R3-141310, “The Sports Arena Scenario”.

5   Text Proposals

/*******************Fist TP start*****************************************************************/

6.2
Issue Y: solutions for spectrum holes
6.2.1
Descriptions

Generally, spectrum holes will exist in three dimensions: spectrum hole in long term, spectrum hole in short term, spectrum hole in space.

6.2.2
Solutions

Option 1: Static spectrum refarming

Static spectrum refarming is used by operators to reallocate a certain amount of spectrum from a legacy RAT to an advanced RAT permanently in a whole network or a certain geography area level, when the traffic demand difference between them reaches a certain degree. 

Usually a typical static spectrum refarming procedure includes the following steps:

1. Network analysis: to determine if spectrum refarming is needed and how many spectrums should be reallocated by analyzing such as network/cell load situation, network performance, configurations and fault data of past several months/years in the network.

2. Parameter audit: to determine which parameters should be changed, how the parameter worked before the refarming and how to configure these parameters after refarming.

3. Neighbour plan: to reconfigure the neighbour relationships with the new network configuration, considering the changed coverage, capacity and frequency.

4. Frequency plan: to determine how to design the left frequency to satisfy the remnant traffic.

5. Network optimization: after spectrum refarming completion, many network parameters and configurations needs to be well optimized, to make the network adapt to the new situation.

6. Drive test: drive test may be required to verify the refarming result for the network.

Option 2: Semi-static spectrum re-allocation

The semi-static spectrum reallocation is characterized by following bullets:

1. The semi-static spectrum re-allocation solution re-allocates the spectrum between GSM/UMTS and LTE in time granularity of hours to days. 

2. The space granularity of the re-allocation is cell level or cluster of cells level.

3. The bandwidth to be reallocated may be fixed or flexible. E.g. allocating 5MHz UMTS spectrum to LTE each time, or allocating 3MHz/5MHz/10 MHz GSM spectrums to LTE.

4. All available spectrum resources are initially split into three parts: dedicated carriers for legacy RAT, dedicated carriers for advanced RAT, and shared carriers. The dedicated carriers are exclusive for each RAT and used to provide basic continuous coverage. The shared carriers will be used by two RATs in a coordinated way. The legacy RAT uses the shared carriers as a normal cell. And the advanced RAT uses it as a component carrier.

5. The initial allocation for all spectrums and reallocation pattern for the shared spectrums will be configured by OAM according to the statistics of traffic model of the two RATs. 

6. The reallocation patterns for the shared spectrums describers how many carriers are used by legacy RAT, how many are used by advanced RAT in a certain time period. The reallocation pattern switching may be fixed configured by OAM, or triggered by traffic variation along time.

· G-L semi-static spectrum re-allocation

Figure 6.2.2.x shows an example of semi-static spectrum re-allocation between GSM and LTE with two hours spectrum reallocation period. In Figure 6.2.2.x, BCCH is placed in the dedicate spectrum of GSM to provide continuous coverage. And also LTE has a dedicate carrier as the LTE coverage layer. The rest of GSM spectrum is assigned as shared spectrum, in which GSM TCH and LTE secondary carrier co-exist in a coordinated way. 

From Figure 6.2.2.x, the shared spectrum is totally allocated to GSM at the beginning. And the shared spectrums are reallocated to LTE along with the decreasing of GSM traffic. The GSM shall release the unused spectrum according to the pr-configured pattern. If the GSM load is increased, the shared spectrum used by LTE will be retrieved back to GSM. There is no impact and service interruption for LTE, since the shared spectrum is used as a component carrier by LTE.
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Figure 6.2.2.x G-L semi-static spectrum re-allocations

The main problem for G-L semi static spectrum reallocation is that LTE component carrier which uses spectrums shared from GSM at the border of spectrum reallocation area and GSM carriers using the same spectrum at the border may interfere with each other. Inter-RAT interference coordination may be needed to manage the interference at the reallocation border.

· U-L semi-static spectrum re-allocation

Figure 6.2.2.y shows an example of semi-static spectrum re-allocation between UMTS and LTE with two hours spectrum reallocation period. In Figure 6.2.2.y, the top of 5MHz are assigned to UMTS as dedicated carrier to provide continuous coverage. And also at the bottom LTE has a 5MHz dedicate carrier as the LTE coverage layer. The rest of UMTS spectrum is assigned as shared spectrum.

[image: image6.emf]5M

5M

5M

5M

LTE UMTS

0                2 4 6 8 10 Hour

f

Shared 

spectrum

LTE 

dedicate

UMTS 

dedicate


Figure 6.2.2.y U-L semi-static spectrum re-allocation

From Figure 6.2.2.y, the shared spectrum is totally allocated to UMTS at the beginning. And the shared spectrums are reallocated to LTE along with the decreasing of UMTS traffic. The UMTS shall release the unused spectrum according to the pre-configured pattern. If the UMTS load is increased, the shared spectrum used by LTE will be retrieved back to UMTS. There is no impact and service interruption for LTE, since the shared spectrum is used as a component carrier by LTE.

Similar inter-RAT interference as G-L may exist at the border of reallocation between UMTS and LTE. The interference may only exist at the uplink, since the downlink TX power density of LTE and UMTS are similar and constant. Inter RAT uplink transmit power coordination mechanism (e.g. like OI procedure on X2 interface in LTE) may be needed to manage the interference.

Option 3: Dynamic spectrum re-allocation

The dynamic spectrum reallocation is characterized by following bullets:

1. The dynamic spectrum re-allocation solution re-allocates the spectrum between GSM/UMTS and LTE in time granularity of seconds or minutes.

2. The space granularity of the re-allocation is cell level.

3. All available spectrum resources are initially split into three parts: dedicated carriers for legacy RAT, dedicated carriers for advanced RAT, and shared carriers. The dedicated carriers are exclusive for each RAT and used to provide basic continuous coverage. The shared carriers will be used by two RATs with coordination on frequency domain or time domain.

· G-L dynamic spectrum re-allocation

In order to realize the dynamic spectrum re-allocation, the solution can be implemented in frequency domain as shown in Figure 6.2.2.z. Since the shared spectrum is used by GSM and LTE at the same time, a coordination mechanism is needed between GSM and LTE, to inform LTE which resources are occupied by GSM for TCHs in the shared spectrum. The LTE may not schedule any UEs on those resources.
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Figure 6.2.2.z G-L dynamic spectrum re-allocation in frequency domain

· U-L dynamic spectrum re-allocation

For U-L dynamic spectrum re-allocation, LTE or UMTS uses the shared spectrum as secondary carrier, as shown in Figure 6.2.2.w. The two RATs use the shared spectrum with scheduling in a coordinated manner in frequency domain or time domain. UMTS can use the shared spectrum as DC secondary carrier, and LTE can use the shared spectrum as CA secondary carrier. 

The timeslots allocation for UMTS and LTE of the shared spectrum is depicted in Figure 6.2.2.w. For the UMTS timeslots, UMTS channels are transmitted normally on the secondary carrier, and no LTE signal is transmitted during those timeslots on the shared spectrum. In LTE timeslots, LTE channels are transmitted normally on the secondary carrier and no UMTS signal is transmitted during these timeslots on the shared spectrum. The percentage of U/L timeslot lengths is determined by U/L load percentage, and can be adjusted dynamically when the traffic pattern changes. 
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Figure 6.2.2.w U-L dynamic spectrum re-allocation

Similar mechanism as semi-static reallocation can be used to solve the interference at the cell border.

6.2.3
Evaluations

	
	Static
	Semi-static
	dynamic

	Long term spectrum hole
	Yes
	Yes
	Yes

	Short term spectrum hole
	No
	Yes (hourly or daily)
	Yes

	Space spectrum hole
	No
	Yes
	Yes

	Flexibility
	Low
	Middle
	High

	Reliability
	High
	High
	Middle

	Complexity
	Low
	Middle
	High

	Efficiency
	Low
	Middle
	High


/*******************Fist TP End*****************************************************************/
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