3GPP TSG-RAN WG2 Meeting #72bis
R2-110291

Dublin, Ireland, 17 - 21 January 2011

Agenda item:

10.2.2

Source:



Nokia Siemens Networks, Renesas Electronics Europe, Nokia








Corporation

Title:
Band/carrier combination signaling for 4C-HSDPA and 8C-HSDPA

Document for:

Discussion and Decision

1
Introduction

In RAN#46, the WI on 4C-HSDPA was approved. Recently, the RAN #50 has approved a WI on 8C-HSDPA [5] where up to eight carriers can be supported [6]. One of the common questions in these WIs is how to signal efficiently band/carrier combinations supported by a UE. The existent solution for 4C-HSDPA, which is based on a bitmap with all the possible combinations, does not scale well for larger number of carriers. In this document we propose a more efficient and unified band and carrier signaling for the multi-carrier HSDPA.  

2
Problem statement

When compared to DC-HSDPA and DB-HSDPA, 4C-HSDPA and 8C-HSDPA pose 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/8C-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, an ideal solution should be common for both 4C- and 8C-HSDPA systems.

3
Existent 4C-HSDPA signaling and its extension for 8C

3.1 Single band 4C/8C operations

Even though the multi-carrier 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 four-carrier capable UE by analyzing its category and by noticing that the “Radio Access Capability Band Combination List” IE is absent (see section 3.2 below). However, it might be the case that the four-carrier 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. As it was agreed and already captured in 3GPP TS 25.331 [3], a UE signals a new “Additional secondary cells” IE where it informs whether it can support three or four carriers. Absence of this IE means a legacy DC-HSDPA behavior with up to two adjacent carriers in a single-band. 

It is worth mentioning that the 8C-HSDPA system with more than four carriers is assumed to operate within at least two bands because the current assumption is that the UE RF receiver bandwidth is 20MHz, thus limiting the maximum number of carriers per a single band. Should the UE RF receiver be larger in the future, an approach with the “Additional secondary cells” IE can be extended to cover cases beyond four carriers per a band.

3.2
Dual band 4C operations

A flexible way for dual-band signaling is to decouple band combinations from the number of carriers supported in each band, as already captured in 3GPP TS 25.331 [3]. Based on 3GPP TS 25.101 [1] and the RAN4 paper [2], the following band combinations are defined and foreseen in the future (marked with blue color in Table 3). Absence of the “Radio Access Capability Band Combination List” IE, containing the list with band combinations, indicates that a UE does not support dual-band operations.

 Table 1: 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, there is a “Supported Carrier Combination List” IE that specifies how many carriers are supported for every band combination entry on the “Radio Access Capability Band Combination List” IE.  Absence of the list means that a UE supports only 1+1 configuration. Such an interpretation allows for the backward compatibility with pre Rel-10 UEs, e.g., Rel-9 DB-HSDPA. 

At the moment, an entry in the “Supported Carrier Combination List” IE is defined as a bitmap where each bit corresponds to a particular combination, e.g., (2,1), (3,1) etc. Even though it is a feasible approach, it does not scale well for multi-carrier systems beyond four carriers. The number of bits needed to encode possible carrier combination across two bands is given by the following formula:

(N – 2)(N + 1) / 2 ,

where N is the maximum number of carriers in the system. It is easy to see that for the 6C system the bitmap size is 14 bits, while for the 8C system it is 27 bits. An approach based on the bitmap creates a number of problems, ranging from the tabular and ASN.1 definitions, where all the possible combinations must be listed and defined, to the functional complexities when the NW side will have to analyse every bit. The bitmap approach becomes completely unmanageable if more than two bands are considered in the future.

A better and a more flexible approach is the one already presented in [4], where it is proposed to introduce a different format for the “Supported Carrier Combination List” IE. The idea is to specify the maximum number of supported carriers in each band, instead of a particular carrier combination. When compared to a solution that is based on a bitmap, this approach requires exactly the same number of bits, is cleaner, more readable, and forward compatible with regards to introduction of eight carriers. Furthermore, this approach needs exactly the same number of 5 bits regardless of the number of carriers, whereas the number of bits in a bitmap grows with an exponential complexity. 

Table 2: 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

	>Supported Carrier Combination List
	OP
	
	
	Absence of this IE means that the UE only supports the carrier combination (1,1) for this band combination. 
	REL-10

	>> Band A
	MP
	
	Integer(1..4)
	Maximum number of carriers for the 1st band
	REL-10

	>> Band B
	MP
	
	Integer(1..4)
	Maximum number of carriers for the 2nd band
	REL-10

	>> Swappable bands
	MP
	
	Boolean
	This IE shall be set to TRUE if the maximum number of carriers announced for Band A is also applicable to Band B, while at the same time the Band B maximum  number of carriers  applies to Band A.
	REL-10


To analyze the proposed signaling solution, we consider in Table 4 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 number 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, i.e., (2,1) or (1,2).

2. If there is a 3C UE supporting both scenarios 14 and 15, but not 2+2 configuration, then it will signal (2,1,TRUE).

3. 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, i.e., (2,2). 

4. 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. The UE will signal (3,1).

5. 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 3: 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
	


Even though at the moment existent RAN4 scenarios do not define 3+1 and 1+3 configurations for the same band combination, a number of proponents already expressed a need to have a possibility to signal that an UE can support 3+1, 1+3, but not 2+2. To ensure that the proposed signaling mechanism can address these scenarios, we consider a few typical cases.

1. 15+5 MHz RF design. The UE can support 3+1 carrier combination and, of course, all the lower combinations, e.g., 2+1 and 1+1 carriers. Note that in this case the UE cannot support more than one carrier in band B. Similar to the considered earlier cases, the UE will signal (3,1). 

2. 15+5 MHz RF design where, as an example, RF chains can be swapped between the bands. In this case, the UE can support either 3+1 or 1+3 carriers with lower combinations. However, the 2+2 configuration is not supported because one of the receivers is only 5 MHz. The UE will signal (3,1,TRUE) thus letting know the network about this capability.

3. 15+15 MHz RF design. The UE can support 3+1, 2+2, 1+3 and all the lower combinations. Obviously, 3+2 is not valid because an UE, as mentioned earlier,  supports only up to 4 carriers. The UE will signal (3,3).

4. 10+10 MHz design. The UE can support 2+2 with all the lower combinations. Neither 3+1 nor 1+3 is supported because both receiver maximum bandwidth is only 10 MHz. In this case a UE signals (2,2).

5. 20+10 MHz design where an UE can support 4 adjacent carriers in the single-band mode but only 1+2 or 2+1 configurations in the dual-band mode. The UE will signal 4 carriers as a part of single-band capabilities and then (2,1,TRUE) as a part of dual-band capability list. Should 2+2 configuration be also supported, the UE can just signal (2,2).

3.2
Dual band 8C operations

It is also worth mentioning that the proposed signaling is fully forward compatible with regards to extensions for six and eight carriers. Indeed, two RF chains where each receiver bandwidth is 20MHz allows for running up to eight carriers, i.e., four carriers per a band. Since the proposed signaling already reserves 2 bits for the maximum number of carriers in each band, no changes in the future are needed. 

As captured in [5], RAN4 is expected to start to define band/carrier combination cases for 8C-HSDPA. It is anticipated, as expressed in both [5] and [7], that only a few cases will be defined due to high spectrum requirements needed to run up to eight carriers. Nevertheless, we present a few examples on how hypothetical scenarios can be addressed with the proposed signaling. Based on Table 3 and already defined band combinations from Table 1, one can expect up to six carrier case for bands I+VIII and seven carrier case for bands I+V.

1. 20+20 MHz design where a UE can run up to eight carriers, i.e., four carriers per a band thus supporting 4+4 and all the lower scenarios. The UE will signal (4,4). The same reasoning applies to the 15+15 MHz RF design supporting up to six carriers with 3+3 and all the lower combinations; the UE signals (3,3).

2. 20+10 MHz design where a UE can run up to six carriers supporting 4+2 and lower combinations. The UE will signal (4,2). If the UE can swap its RF chains between the bands thus enabling 4+2 and 2+4 cases, but not 4+4, it can signal (4,2,TRUE). The same reasoning applies to, say, 20+5 MHz or 15+10 MHz RF designs.

5
Conclusion

In this contribution, we have proposed an efficient, scalable and forward compatible solution for signaling UE band/carrier combinations. Unlike the existent solution, where the bitmap with all the possible combination is used, it requires the constant number of bits to encode the UE capabilities for four carriers and for systems with up to eight carriers. 

It is worth mentioning that there are minimal changes for 3GPP TS 25.331 and 25.306, which are presented in [8] and [9], respectively.

Proposal: Discuss and agree on the band/carrier combination signaling that indicates the maximum channel bandwidth/number of carriers an UE supports for each band combination. 
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