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1. Introduction

During the discussion on E-UTRA, some contributions have addressed resource allocation on downlink. A general view of resource allocation methods was presented in [1], where tradeoffs between flexibility and signaling were also addressed. This contribution discusses what the allocation signaling itself is expected to contain in order to get an understanding of the related complexities.

2. Principles of DL resource allocation in E-UTRA

2.1 General requirements on associated signaling

Resource allocation on DL OFDMA channel can take place in distributed or localized fashion or as a combination of these. The multiplexing of users can also take place in a number of different ways. However, regardless of the actual details of resource allocation on DL OFDMA channel, the general framework can be understood as shown in Figure 1.
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Figure 1. General structure of E-UTRA DL shared channel

The DL OFDMA channel can be seen in terms of time-frequency resource units that carry DL shared data channel, pilots, synchronization channel and so on [see e.g. 2]. It is obvious that not all of these resource units are available for resource allocation, but the actual structure of the shared data channel is beyond the scope of this document.

In order to reach an estimate on the upper limit of signaling capacity in DL, Table 1 lists those parameters that we consider necessary. Very important factor in the eventual DL signaling capacity demand is the number of users simultaneously supported in the subframe – here we have to consider not only the active DL scheduled UEs but  the UL allocations as well. 

Table 1. Downlink shared control channel structure

	Signaling field
	Size
	Notes

	Header field
	One byte?
	Allows for more flexibility on signaling channel 

	DL shared channel allocation
	< NFDxNTDxRLID

Different encoding schemes can be considered for reducing the signaling bits 
	NFD: number of frequency resource allocation units (chunks) within DL BW

NTD: number of temporal resource allocation units within DL subframe

	Transport format indicator
	5 bits x N
	

	DL HARQ information
	3 bits
	

	UL shared channel allocation
	< NFUx NFCU xNTU 
	NFU : number of frequency resource allocation units (chunks)

NFCU: number of localized or IFDMA components inside UL chunk 

NTU: number of temporal resource allocation units with UL frame 

	HARQ feedback for UL
	1 bit, x RLID 
	Radio link ID may be needed, if it is not present otherwise 

	Timing advance for UL
	
	Not always present. Depends on changes in path delays.

	Power control level indicator
	
	Not always present. Depends on changes in the propagation environment.

	PICH
	5-6 bits
	Paging Indicator. Describes, whether Paging messages are present in a resource allocation unit of a Shared Channel in this sub-frame.

	[reserved for future use]
	
	


Typically, it is beneficial to allocate as large amount of resources to as small number of users per sub-frame as possible. This is however not always possible, e.g. in the situation, where several users have time-critical traffic flows active that provide small amounts of small packets, such as VoIP. 

A high estimate on DL users is calculated based on VoIP users in Annex A. We conclude that e.g. at 20 MHz BW during one subframe 32 to 64 traffic flows  would serve as a good estimate for the upper limit of active, scheduled users (N in table 1). 

2.2 Analysis of DL signaling overhead

Table 2 shows some estimates of required signaling overhead on different time-frequency resource granularity combinations on the BW identified in TR25.814. NFD=60 and NFD=30, equivalent to 300 kHz and 600 kHz chunk BW (at 20 MHz) respectively. These bandwidths have been proposed in earlier RAN WG1 contributions, but unfortunately they do not fit evenly in the narrow bandwidths of 1.25 MHz and 2.5 MHz. A chunk BW of 375 kHz (NFD=48) fits even the lower bands evenly, and was also included in Table 2.

Table 2. Analysis of DL signaling overhead
	
	Bandwidth

	
	1.25 MHz
	2.5 MHz
	5.0 MHz
	10.0 MHz
	15.0 MHz
	20.0 MHz

	General formula
	[(N/16)x5 + 30] bits + NFDxNTDxRLID bits + NFUx NFCUxNTU 
	[(N/8)x5 + 30] bits + NFDxNTDxRLID bits + NFUx NFCUxNTU
	[(N/4)x5 + 30] bits + NFDxNTDxRLID bits + NFUx NFCUxNTU
	[(N/2)x5 + 30] bits + NFDxNTDxRLID bits + NFUx NFCUxNTU
	[Nx0.75x5 + 30] bits + NFDxNTDxRLID bits + NFUx NFCUxNTU
	[Nx5 + 30] bits + NFDxNTDxRLID bits + NFUx NFCUxNTU

	N20MHz=32

NFD=60 (20MHz)

NTD =6, RLID=16
	400 bits(1,2)
184bits(1, 3)

148 bits(1, 3,4)
	770 bits(1,2)
338 bits(1,3)
266 bits(1, 3,4)
	1510 bits(1,2)
646 bits(1,3)
502 bits(1, 3,4)
	2990 bits(1,2)
1262 bits(1,3)
974 bits(1, 3,4)
	4470 bits(1,2)
1878 bits(1,3)
1446 bits(1, 3,4)
	5950 bits(1,2)
2494 bits(1,3)
1918 bits(1, 3,4)


	N20MHz=32

NFD=30 (20MHz)

NTD =6, RLID=16
	220 bits(1,2)
112 bits(1,3)
94 bits(1,3,4)
	410 bits(1,2)
194 bits(1,3)
158 bits(1,3,4)
	790 bits(1,2)
358 bits(1,3)
286 bits(1,3,4)
	1550 bits(1,2)
686 bits(1,3)
542 bits(1,3,4)
	2262 bits(1,2)
1014 bits(1,3)
798 bits(1,3,4)
	3070 bits(1,2)
1342 bits(1,3)
1054 bits(1,3,4)

	N20MHz=32

NFD=48 (20MHz)

NTD =6, RLID=16
	328 bits(1,2)
155 bits(1,3)
127 bits(1,3,4)
	626 bits(1,2)
281 bits(1,3)
223 bits(1,3,4)
	1222 bits(1,2)
531 bits(1,3)
416 bits(1,3,4)
	2414 bits(1,2)
1032 bits(1,3)
801 bits(1,3,4)
	3606 bits(1,2)
1532 bits(1,3)
1187 bits(1,3,4)
	4798 bits(1,2)
2033 bits(1,3)
1572 bits(1,3,4)

	N20MHz=32

NFD=48 (20MHz)

NTD =1, RLID=16
	88 bits(1,2)
60 bits(1,3)
55 bits(1,3,4)
	146 bits(1,2)
89 bits(1,3)
79 bits(1,3,4)
	262 bits(1,2)
147 bits(1,3)
128 bits(1,3,4)
	494 bits(1,2)
264 bits(1,3)
226 bits(1,3,4)
	726 bits(1,2)
380 bits(1,3)
323 bits(1,3,4)
	958 bits(1,2)
497 bits(1,3)
421 bits(1,3,4)


(1) ULshared channel allocation not included in this figure

(2) Resources allocated one unit per one RLID per time
(3) Assumed 0.4 x NFDxNTD efficiency from allocation encoding algorithm

(4) RLID=12 bits
The shared control channel carrying DL signaling has to employ robust enough channel encoding that UEs at any location in the cell can decode it with high likelihood. Thus, BPSK or QPSK modulation with rather low encoding rate is envisioned for this use. Allowing for full flexibility of resource allocation in both frequency domain and time domain may set too high overhead on downlink signaling. 

2.2 Methods of reducing signaling overhead

From the analysis in section 2.1 we can see that aiming at  high flexibility in DL resource allocation can result in unacceptable overhead for DL signaling. The higher the granularity in time and frequency dimension is assumed for resource allocation units, the bigger the  signaling overhead. However, beyond adjusting the time-frequency resource granularity there are other aspects that could be considered  to reduce this overhead.

a) number of active users per subframe

b) RLID length

c) Resource allocation algorithm

2.2.1 Number of active users per subframe

The calculations in Annex A make a worst-case assumption on the number of users to be simultaneously allocated during one E-UTRA subframe. This is based on the scenario that there are lots of such low bit rate users with tight latency requirements active. Naturally, this is not an outlandish scenario and the systems should be able to support traffic at such levels. . If we are ready to allow for larger latencies for low bit rate services, the worst-case UE load could be alleviated with scheduling decisions. For example, VoIP users’ traffic could be collated over two or possibly even more 20 ms intervals. One could also consider other potential methods to lower the peak UE requirement per subframe, which has a direct alleviating impact on the signaling overhead

2.2.2 RLID length

The analysis in section 2.1 adopted RLID length of 16 bits analogously from HSDPA UE Id. As E-UTRA requirements specify that the system capacity is to increase from Rel6 WCDMA, it is difficult to see how the unique UE identifier could be shorter. However, RLID length should be evaluated carefully as it is one of the biggest factors in generating DL signaling overhead.

2.2.3 Resource allocation algorithm

The resource allocation has to be dimensioned so that all of the available downlink capacity can be used efficiently. This is particularly important when there are a lot of low bit rate users receiving transmission during the same subframe. It is clear that when high data rate users are allocated to a subframe, the number of UEs needing resource allocation is low and less signaling is sufficient. However, in case that a high number of UEs need to be addressed simultaneously, the DL resource allocation  has to be able to cope with it. Still, dimensioning the signaling to the “worst case”, i.e. dozens of UEs as shown in section 2.2.1 is not an  efficient way. Actually,  smart allocation algorithms may help reduce  the actual overhead.
3. Conclusion

This contribution showed estimates on the signaling needed in E-UTRA downlink to support resource allocation. The parameters that would be part of signaling message were elaborated on, and some means of combating the signaling overhead were considered. The contribution also contains a text proposal to TR25.814.
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Text proposal to TR25.814

7.1.1.2
Multiplexing including pilot structure
7.1.1.2.1
Downlink data multiplexing

Both TDM and FDM are employed to map channel-coded, interleaved, and data-modulated information [Layer 3 information] onto OFDM time/frequency symbols. The OFDM symbols can be organized into a number of resource blocks consisting of a number (M) of consecutive sub-carriers for a number (N) of consecutive OFDM symbols. The granularity of the resource allocation should be able to be matched to the expected minimum payload. It also needs to take channel adaptation in the frequency domain into account.

The frequency and time allocations to map information for a certain UE to resource blocks is determined by the Node B scheduler and may e.g. depend on the frequency-selective CQI (channel-quality indication) reported by the UE to the Node B, see Section 7.1.2.1 (time/frequency-domain channel-dependent scheduling). The channel-coding rate and the modulation scheme (possibly different for different resource blocks) are also determined by the Node B scheduler and may also depend on the reported CQI (time/frequency-domain link adaptation). 

In addition to block-wise transmission, transmission on non-consecutive (scattered) sub-carriers is also to be supported as a means to maximize frequency diversity.

Details of the multiplexing of lower-layer control signaling is currently TBD but may be based on time, frequency, and/or code multiplexing.
Table x. Example of downlink shared control channel parameters
	Signaling field
	Size
	Notes

	Header field
	One byte?
	Allows more flexibility on signaling channel

	DL shared channel allocation
	< NFDxNTDxRLID

Different encoding schemes can be considered for reducing the signaling bits 
	NFD: number of frequency resource allocation units (chunks) within DL BW

NTD: number of temporal resource allocation units within DL subframe

	Transport format indicator
	5 bits x N
	

	DL HARQ information
	3 bits
	

	UL shared channel allocation
	< NFUxNFCUxNTU
	NFU : number of frequency resource allocation units (chunks)

NFCU: number of localized or IFDMA components inside UL chunk 

NTU: number of temporal resource allocation units with UL frame

	HARQ feedback for UL
	1 bit, x RLID
	Radio link ID may be needed, if it is not present otherwise. 

	Timing advance for UL
	
	Not always present  Depends on changes in the path delays.

	Power control level indicator
	
	Not always present. Depends on changes in the propagation environment.

	PICH
	5-6 bits
	Paging Indicator. Describes, whether Paging messages are present in a resource allocation unit of a Shared Channel in this sub-frame.

	[reserved for future use]
	
	


ANNEX A: Calculations on the number of VoIP users

Table A.1.

	BW
	20 MHz

	Number of  OFDM symbols for payload.

One Symbol is assumed be reserved for common pilot and Shared Channel allocation indications.
	6

	Modulation
	16QAM

	channel coding rate
	5/6

	MIMO
	2 independent streams


With the assumptions in Table A.1 we have 96 Mbps = 48 kbits per sub-frame = 57.6 kb per sub-frame without any channel coding

1) Traffic; AMR full rate VoIP;



AMR voice frame ~12.2 kbps



AMR CRC = 12 bits / 20 ms voice frame



PDCP header
= 1 byte / 20 ms voice frame



MAC header
= 1 byte / 20 ms voice frame



Minimum compressed header (SecondOrder ROHC Header) ~1 byte / 20 ms voice frame


PHY



PHY-layer CRC 
= 16 bits / 20 ms voice frame



Convolutional code tail bits = 8 bits



convolutional code rate = 1/3


VoIP rate per user ~45 600 bps = 912 bits per 20 ms voice frame (23 bits per sub-frame)

After  a VoIP packet arrives to the NodeB Tx buffer for a user (every 20 ms), this payload will be placed as a whole  MAC SDU into a  transport block to be transmitted during one 0.5 ms sub-frame.

=> 57.6 kbit / 912 bit = 63 VoIP users per sub-frame !

If AMR codec is low rate or send only silence inidicator, there may be some 4 kbps + overhead as the payload => 57.6 kbit / 384 bit = 150 silent VoIP users per sub-frame

2) If the traffic is some TCP ACKs (with compressed headers) instead, the payload can be much smaller

3) If the traffic is RRC signalling, the payload can be much smaller

 As a summary of order 32 to  64 users could be multiplexed  per subframe in the worst case and that should give  the constraint  for signalling.







