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1
Introduction

In RAN#46, the WI on 4C-HSDPA was approved. One of the open questions in this WI is how to signal the maximum number of carriers supported in a particular band combination. This document proposes a flexible band and carrier signaling for 4C-HSDPA.  

2
Problem statement

When compared to DC-HSDPA and DB-HSDPA, 4C-HSDPA poses more challenges for signaling to indicate supported bands and the number of carriers per a single band. In DC-HSDPA, an UE may receive data in two adjacent carriers in a single band. In DB-HSDPA, an UE may receive data in two carriers residing in different bands, i.e., one carrier per a band. In 4C-HSDPA, an UE may receive data in two bands where the number of carriers in a particular band may vary depending on the UE capabilities. Thus, catering for flexibility, an UE must be capable of informing the network about supported bands and carriers. Furthermore, DC-HSUPA availability may depend on a band where an UE is configured, which in turn might require additional signaling mechanisms. 

The table below provides information on the existent band combinations for DB-HSDPA, as defined in [1] Table 5.0AA. If a general assumption is that a 4C-HSDPA capable UE can support any combination of the number of carriers and bands, then this table (and its further extensions) fully suffices signaling purposes.  However, it is highly anticipated that certain UEs will support only a limited set of carrier-per-band combinations, e.g., 3+1 and/or 2+2, etc. If so, it must be signaled to the network. 

Table 1: Existent DB-DC-HSDPA configurations 

	DB-DC-HSDPA Configuration
	UL Band
	DL Bands

	1
	I or VIII
	I and VIII

	2
	II or IV
	II and IV

	3
	I or V
	I and V


3
Extended signaling

In this section we elaborate on a few solutions to extend the existent band combination signaling with the aim of providing network with information on UE capabilities with regards to the number of supported carriers.

3.1 Single band 4C operations

Even though 4C-HSDPA functionality is usually associated with two bands, more than two carriers can be configured in a single band thus allowing for UE designs with a single RF chain that will consume less energy. On the one hand, the network knows that there is a single band 4C capable UE by analyzing its category and by noticing that the “band combination” IE is absent (see section 3.2 below). However, it might be the case that the 4C capable UE does not support four carriers in all the bands, e.g., it supports four carriers in band I but only three carriers in band II.

Following proposals [4,6], it is possible to signal to the network the maximum channel bandwidth (or the number of carriers) an UE supports in each band indicated in the frequency list, as shown in Table 2. 

Table 2: Frequency band capability list extensions for single-band 4C signalling

	Frequency band specific capability list
	MP
	1..<maxFreq>
	
	
	

	> Frequency band 
	MP
	
	Enumerated
	
	

	> Frequency band 2
	OP
	
	Enumerated
	
	Rel-6

	> Max number of DL carriers
	OP
	
	Integer(1..4)
	The maximum number of DL adjacent carriers supported in a band. 
	Rel-10

	> Max number of UL carriers
	OP
	
	Integer(1..2)
	The maximum number of UL adjacent carriers supported in a band. 
	Rel-10

	> RF capability FDD extension 
	MD
	
	
	
	


If the maximum number of DL/UL carriers is omitted, then the network may assume that an UE no limitations with regards to the number of activated carriers, which is of course limited by the total number of carriers an UE supports as governed by its category. Similarly, the DC-HSUPA availability may depend implicitly on the number of carriers an UE supports, e.g., if two or more carriers are supported, then the network can always configure DC-HSUPA on two adjacent carriers. 

Proposal 1: Discuss and agree on the single band 4C-HSDPA signaling that indicates the maximum bandwidth/number of carriers an UE supports in a particular band.

3.2
Dual band 4C operations

A flexible way for dual-band operations is to decouple band combinations from the number of carriers supported in each band, as also proposed in [4,6]. Based on the RAN4 paper [2], the following band combinations are foreseen (marked with blue color in Table 3) in addition to the existent ones. This allows an UE to indicate bands it supports.

 Table 3: Existent and anticipated band combinations

	HSDPA Configuration
	UL Band
	DL Bands

	1
	I or VIII
	I and VIII

	2
	II or IV
	II and IV

	3
	I or V
	I and V

	4
	I or III
	I and III

	5
	I or XI
	I and XI


In addition, we propose a new list that an UE will use to signal the maximum number of supported carriers in each band. The number of items in this list must be the same as in the band combination list.

Table 4: Band combination list extensions for dual-band 4C signalling

	Radio Access Capability Band Combination List
	OP
	1 to 16
	
	The absence of this IE indicates that the UE does not support Dual Band Operation. 
	REL-9

	>Band Combination 
	MP
	
	Integer(1..256)
	The integer value n indicates that the nth DB-DC Configuration in table 5.0AA in [21] is supported by the UE.
	REL-9

	> Number of DL carriers
	OP
	
	
	
	REL-10

	>> Band A
	MP
	
	Integer(1..4)
	The maximum number of DL adjacent carriers supported in each band.
	REL-10

	>> Band B
	MP
	
	Integer(1..4)
	
	REL-10

	> Number of UL carriers
	OP
	
	
	
	REL-10

	>> Band A
	MP
	
	Integer(1..2)
	The maximum number of UL adjacent carriers supported in each band.
	REL-10

	>> Band B
	MP
	
	Integer(1..2)
	
	REL-10


Absence of the list with DL and/or UL carriers means that an UE has no limitation and can be configured with the maximum number of carriers, as governed by the UE category. Such an interpretation allows for the backward compatibility with pre-Rel. 10 UEs. 

If there is a common understanding across all the UE vendors that DC-HSUPA availability does not depend on a particular band supported by an UE, then “number of UL carriers” may be omitted. Indeed, the network will know implicitly where the DC-HSUPA can be activated depending on whether two adjacent DL carriers can be configured in a particular band. As an example, if an UE indicates support for the DL carriers combinations 3+1 and 2+2 in bands A and B, then the network can either a) configure an UE with the 3+1 combination and activate DC-HSUPA in band A, or b) configure an UE with 2+2 DL carriers and activate DC-HSUPA in any band it wants.

Proposal 2: Discuss and agree on the dual-band 4C-HSDPA signaling that indicates the maximum channel bandwidth/number of carriers an UE supports for each band combination.

To analyse the proposed signalling solution, we consider all the existent band/carrier combinations defined so far by RAN4 (for the sake of further clarity, we group band/carrier combinations with regards to the band combination and re-index them). Let's consider band/carrier combinations from group 6, i.e., scenarios 13-16. 

1. If there is a 3C UE supporting either scenario 14 or 15, then it can be signaled unambiguously by specifying that the maximum number of carriers in either band A or B is 2.

2. If a 4C UE supports scenarios 13-15, e.g., 2+2, 2+1, and 1+2,  then the UE will signal that up to 2 carriers are supported in bands A and B. 

3. If a 4C UE supports scenarios 14 and 16, e.g., 2+1 and 3+1, then the maximum number of carriers in band A is 3, while the maximum number of carriers in band B is 1.

4. If a 4C UE supports all the scenarios 13-16, then it will indicate the maximum number of carriers in bands A and B as 3 and 2. Obviously, the network knows from the UE category that the maximum number of carriers the UE supports is 4. Thus, it will not try to configure the UE with the 3+2 configuration thus allowing for 3+1 or 2+2 cases, and of course all the lower combinations.

Table 5: RAN4 scenarios for 4C-HSDPA

	Scenario
	Band A
	Band B
	

	
	Band number
	Number of DL adjacent carriers
	Band number 
	Number of DL adjacent carriers
	

	1
	I
	4
	N/A
	N/A
	G1

	2
	I
	3
	N/A
	N/A
	

	3
	I
	3
	VIII
	1
	G2

	4
	I
	2
	VIII
	2
	

	5
	I
	2
	VIII
	1
	

	6
	I
	3
	III
	1
	G3

	7
	I
	2
	III
	1
	

	8
	I
	2
	III
	2
	

	9
	I
	2
	V
	2
	G4

	10
	I
	2
	V
	1
	

	11
	I
	N/A
	V
	3
	

	12
	I
	2
	XI
	2
	G5

	13
	II
	2
	IV
	2
	G6

	14
	II
	2
	IV
	1
	

	15
	II
	1
	IV
	2
	

	16
	II
	3
	IV
	1
	

	17
	IX
	4
	N/A
	N/A
	G7

	18
	IX
	3
	N/A
	N/A
	


3.3
Minimum frequency separation

The [4] raised a concern of the minimum nominal frequency separation between the configured downlink and uplink frequencies where  the UE capability of supporting DC-HSUPA may be dependent implicitly on the number of carriers configured on the downlink. In [3] an analysis of existent band combinations has been done concluding that there is no obstacle for enabling DC-HSUPA as long as an UE supports and is configured with at least two adjacent DL carriers in a particular band. However, as explained in [4], future band combinations may result in a situation where this is not a case anymore.

Our proposal is that an UE may rely upon the network that will ensure that configured DL and UL frequencies will always meet the performance requirements with regards to the minimum nominal frequency separation. Similarly, at the moment network always ensures that configured UL frequencies for DC-HSUPA are always paired with the DL frequencies.

Proposal 3: Agree that an UE can rely upon the network that will ensure the minimum frequency separation between the configured uplink and downlink carriers.

4 Alternative band/carrier combination signalling

An alternative way to signal the number of carrier a 4C-HSDPA UE supports in each band would be to extend the semantic meaning of the existent band combination table so that each entry encodes both band combination and the maximum number of carriers supported in each band.  The advantage is that no ASN.1 extensions are needed. The obvious drawback is that an UE may resort to reporting a long list of IDs if it supports a number of bands without any limitations with regards to each band. As a simple example, if an UE can support up to 4 carriers in a particular band combination, then the following combination IDs must be signaled explicitly: 4+0, 3+1, 2+2, 1+3, 0+4. The number of signaled IDs is doubled if another band combination is supported and so on. It is also worth mentioning that current ASN.1 definition allows an UE to report only 16 band combination IDs, which can become easily a limitation.

Another disadvantage of this solution is that it is very inflexible regarding the DC-HSUPA capability in a particular band. As an example, an UE might need to report that DC-HSUPA is available only in band I, but not in band VIII. Again, it leads to the introduction of new configurations IDs.

Similar approaches can be found in [5,7].

5
Conclusion

Beginning of Text Proposal

Proposal 1: Discuss and agree on the single band 4C-HSDPA signaling that indicates the maximum bandwidth/number of carriers an UE supports in a particular band.

Proposal 2: Discuss and agree on the dual-band 4C-HSDPA signaling that indicates the maximum channel bandwidth/number of carriers an UE supports for each band combination. 

Proposal 3: Agree that an UE can rely upon the network that will ensure the minimum frequency separation between the configured uplink and downlink carriers.

End of Text Proposal
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