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1. Introduction

This contribution investigates how 5 or 10MHz bandwidth downlink L1/L2 control channels could support 15 and 20MHz carriers using either joint or separate coding of control fields. The motivation is that given a UE minimum bandwidth (BW) of 10MHz then the largest control channel BW will be 10MHz but that control channel design should still be able to allocate resources spanning more than 10MHz for 20 MHz BW UEs especially if the UL and DL peak data rate requirements in TR 25.913 are to be achieved.
2. 5MHz and 10MHz Control Channels
Given the minimum UE bandwidth is 10MHz then the bandwidth for control signaling must be less than or equal to 10MHz to allow backward compatibility. One option for supporting 15 and 20MHz carriers with 10 and 20 MHz bandwidth UEs and allowing resource allocations spanning more than 10MHz is for 20MHz BW UEs to read more than one control channel as shown in Figure 1. Figure 1 shows a 20MHz carrier with two 10MHz control channels.  The 20MHz carrier scheduler would use either or both 10MHz control .channels to indicate a scheduled 20MHz UE’s resource block (RB) allocation along with other scheduling (Cat0, 1, 2, 3 e.g.) information. A 10 MHz UE could be assigned, via layer 3 signaling, to one or the other 10 MHz carrier portions and then listen to the associated 10MHz control channel for resource allocation and the other scheduling information.  Layer 3 could also be used to indicate to 20MHz UEs whether to listen to one or both 10MHz control channels for supporting resource allocations in only one or both 10 MHz carrier portions respectively. For example, for a VoIP application resource assignments very likely only need to come from one 10MHz carrier portion. This would occur for best effort services as well.
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Figure 1 – 20MHz carrier with two 10 MHz TDM joint coded control channels
Both a 5 and 10MHz BW L1/L2 control channel can be used to support a 15MHz carrier (see Figure 2). For a 20MHz carrier, two 10MHz BW joint coded control channels are slightly less efficient than a single 20MHz BW joint coded control channel as shown in Table 1 since reduced overhead from a smaller RB allocation map is offset by the overhead from redundant signaling of the CRC, Cat2+3 info, and UEID for those UEs with 20MHz allocations. However, for separate coding case the 10MHz control channel is more efficient. Assuming for a 20MHz carrier that at most Ndl=16 downlink and Nul=16 uplink scheduling grants per subframe must be simultaneously supported then the number of short ids needed for downlink is 

Nshort-ids(dl) = ceiling( log2(Ndl+1) ) where the 1 accounts for a unallocated resource block short id
                        = 5 given Ndl=16 for 20MHz carrier with 20MHz L1/L2 control channel

                        = 4 given Ndl=15 for 20MHz carrier with two 10MHz L1/L2 control channels

Table 1 – Overhead for 10 and 20 MHz Joint Coded L1/L2 Control Channels for 20MHz carrier*
	Control Channel Field
	20MHz Joint Coded CCH
	10MHz Joint Coded CCH

	RB Allocation Map
	336 bits (5x48bits+2x48bits)
	144 bits (4x24 bits+2x24 bits)

	CRC
	16 bits
	16 bits

	Cat2+3+Duration field
	448 bits (14 bits x 32UEs)
	280 bits (14 bits x 20UEs)

	UEID (Cat1)
	224 bits (7 bits x 32UEs)
	140 bits  (7 bits x 20UEs)

	Total bits
	1024 bits
	580 bits

	Overhead Bits/sec/Hz
	0.358  (#bits/(0.0005 x 2/7)/20e6)
	0.406


* assumes that 12 different UEs are scheduled in each 10MHz portion with another 8 UEs scheduled in both portions.
For separate coding case the overhead is larger than joint coding case due to RB allocation and CRC fields as shown in Table 2 below.  Note that 10MHz CCH is more efficient than 20MHz CCH for separate coding.
Table 2 – Overhead for 10 and 20 MHz Separate Coded L1/L2 Control Channels for 20MHz carrier*
	Control Channel Field
	20MHz Separate Coded CCH
	10MHz Separate Coded CCH

	RB Allocation Map
	960 bits ((48+12)bits x 16UEs)
	340 bits ((24+10)bits x 10UE)

	CRC
	512 bits (16 bits x 32 UEs)
	320 bits (16 bits x 20UEs)

	Cat2+3+Duration field
	448 bits (14 bits x 32UEs)
	280 bits (14 bits x 20UEs)

	Total bits
	1920 bits
	940 bits

	Overhead Bits/sec/Hz
	0.672
	0.658


* assumes that 12 different UEs are scheduled in each 10MHz portion with another 8 UEs scheduled in both portions.
If a larger percentage (than assumed for Tables 1 and 2) of 20MHz BW UEs served on a 20MHz carrier do not have resource allocations that span beyond 10MHz carrier portion then there will be additional savings with 10MHz BW control channels.
For the separate coding case there would also be significantly higher UE complexity due to having 2N separate control channels to decode as shown in Table 2.
Table 3 – Number of Control Channels to support 10, 15, 20 MHz LTE Carriers

	Carrier Bandwidth
	#Joint Coded CCHs
	#Separate Coded CCHs

(#DL UEs based)
	#Separate Coded CCHs

(#RBs based)

	20 MHz
	2 – 10 MHz
	2N where e.g. N=16 to 32 for each 10MHz portion
	Nrb where Nrb=48

	15 MHz
	1–10 MHz + 1–5 MHz
	N+M where e.g. N=16 to 24 and M=8 to 16
	Nrb=36

	10 MHz
	1 – 10 MHz
	N where e.g. N=16
	Nrb=24


3. Conclusion
A 15 or 20MHz carrier can be supported using 5 and 10 MHz control channels.  UE complexity in terms of reading more control channels is much smaller for joint coding then separate coding since for separate coding 2N 10MHz L1/L2 control channels must be decoded (e.g. N=16 to 32 for a 20 MHz carrier) while for joint coding only two 10MHz L1/L2 control channels must be decoded. Control channel overhead was shown to be comparable for two 10MHz control channels compared to a single 20MHz carrier. The control channel overhead is reduced for joint coding compared to separate coding due to savings from reduced RB allocation map and less CRC overhead.
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Figure 2 – 15 MHz carrier with 10 MHz and 5 MHz TDM joint coded control channels




























































































































































































































































� Assumes that always at least 1 UE has resource allocation contained in only one of the 10MHz carrier portions of 20MHz carrier
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