TSG-RAN WG1 LTE Ad Hoc Meeting
R1-060094

Helsinki, Finland, January 23-25, 2006


Source: 
Ericsson

Title:
Signaling of E-UTRA Scheduling Information

Agenda Item:
5.1.2.3

Document for:
Discussion

1. Introduction

Frequency-domain scheduling is required for E-UTRA to support efficient multiplexing of UEs with limited traffic or limited bandwidth capabilities. Channel quality-based frequency-domain scheduling further yields capacity, coverage, and quality improvements. This paper discusses signaling for addressing of UEs in the frequency domain, a fundamental requirement for supporting frequency domain scheduling. 

2. Uncompressed Scheduling Signaling 

A straightforward way to signal scheduling information is to indicate to what UE is resource block is allocated. This is however costly in terms of overhead. Assume e.g. that a UE address of 10bits, allowing 1024 directly addressable UEs, is used for signaling scheduling information. Further assuming a system bandwidth of 20MHz, corresponding to 60 resource blocks of 300KHz, a total of 60 x 10bits = 600bits is required in every 0.5ms TTI, in turn corresponding to a data rate of  600bits/0.5ms = 1.2Mbps. Clearly, this is an unacceptably large overhead.

3. Run-length Coded Scheduling Information

Using frequency-domain scheduling, UEs would typically be allocated one or a few subsets of consecutive resource blocks
. Under such conditions, run-length coding is an efficient and simple method to compress scheduling information. 

The run-length code consists of two parts:

1) A code book that defines a set of code words, in terms of user ID, frequency run-length, and possibly modulation. 

2) A resource block table that contains a list of code words, ordered to describe what users resource blocks are allocated to.

Both these are sent in each TTI. Alternatively, if the code book does not change between TTIs, the codebook could be sent less often.

The principle illustrated in the simple example in Table 1 - Table 3. The scheduler has decided on the allocation of Table 1. This can be signaled using the code book of Table 2 and the resource block table of Table 3. For example, user 17 is allocated two subsets of 5 and 10 resource blocks respectively. To signal this, a code word (00) is defined representing the combination user ID 17 and frequency run-length 5 (possibly also a modulation format could be specified). In the resource block table, this code word is then first used once in the beginning of the resource block table, indicating the allocation of resource blocks 1-5, and then twice to indicate the allocation of resource blocks 16-25. The fact that the latter allocation starts at resource block 16 is given by the sum of the frequency run-lengths of the previous code words plus 1 (6+4+5+1=16).

Also note that run-length coding may be applied also to the time domain, and that special run-length values could be used to signal distributed frequency and time allocations. 

4. Conclusions

It is proposed that run-length coding of scheduling information is considered for E-UTRA.

Table 1. Allocation of users on Resource Blocks (RBs) (example).

	RB No
	User Id

	1
	17

	2
	

	3
	

	4
	

	5
	

	6
	313

	7
	

	8
	

	9
	

	10
	89

	11
	

	12
	

	13
	

	14
	

	15
	

	16
	17

	17
	

	18
	

	19
	

	20
	

	21
	

	22
	

	23
	

	24
	

	25
	

	26
	101

	27
	

	28
	

	29
	

	30
	


Table 2. Code Book (example)

	Codeword
	UE Id
	Freq run-length

	00
	17
	5

	01
	313
	4

	10
	89
	6

	11
	101
	5


Table 3. Resource block table signaled in TTI n (example)

	00

	01

	10

	00

	00

	11




User 17, resource blocks 1 – 5 








� This is valid e.g. when using channel quality based frequency domain scheduling, and when scheduling UEs with limited bandwidth capabilities. It is not valid for distributed transmission modes. For those however, special ‘run-lengths’ can be defined.





