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1. Introduction

This paper includes text proposals for the RAN1 TR related to the Study Item Evolved UTRA and UTRAN. The text proposals are based on [1]. Section 2 consists of text proposals that directly map to current sections of the TR [2]. Section 3 consists of text proposals that do not directly map to current sections of the TR and which would require new/modified sections.

2. Text proposals directly mapping to current TR sections




Text proposal for Section 7.1 Basic transmission scheme

The downlink transmission scheme is based on conventional OFDM using a cyclic prefix, with a sub-carrier spacing (f = 15 kHz and a cyclic-prefix (CP) duration TCP (4.7/16.7 (s (short/long CP). Assuming that a 10 ms radio frame is divided into 20 equally sized sub-frames, this parameter set implies a sub-frame duration Tsub-frame = 0.5 ms. The basic transmission parameters are then specified in more detail in Table 1 below. It may be noted that numerology specified below are for evaluation purpose only.
	Transmission BW
	1.25 MHz
	2.5 MHz
	5 MHz
	10 MHz
	15 MHz 
	20 MHz

	Sub-frame duration 
	0.5 ms

	Sub-carrier spacing
	15 kHz

	Sampling frequency 
	1.92 MHz
(1/2 ( 3.84 MHz)
	3.84 MHz
	7.68 MHz
(2 ( 3.84 MHz)
	15.36 MHz
(4 ( 3.84 MHz)
	23.04 MHz
(6 ( 3.84 MHz)
	30.72 MHz
(8 ( 3.84 MHz)

	FFT size
	128
	256
	512
	1024
	1536
	2048

	Number of occupied 
sub-carriers†, ††
	76
	151
	301
	601
	901
	1201

	Number of 
OFDM symbols 
per sub frame
(Short/Long CP)
	7/6

	CP length (μs/samples)
	Short
	(4.69/9) ( 6,

(5.21/10) ( 1*
	(4.69/18) ( 5,
(4.95/19) ( 2
	(4.69/36) ( 3,

(4.82/37) ( 4
	(4.75/73) ( 6,

(4.82/74) ( 1
	(4.73/109) ( 2,

(4.77/110) ( 5
	(4.75/146) ( 5,

(4.79/147) (2

	
	Long
	(16.67/32)
	(16.67/64)
	(16.67/128)
	(16.67/256)
	(16.67/384)
	(16.67/512)


Table 1 Parameters for downlink transmission scheme

†Includes DC sub-carrier which is contains no data
†† This is the assumption for the baseline proposal. Somewhat more carriers may be possible to occupy in case of the wider bandwidth
*: {(x1/y1) ( n1, (x2/y2) ( n2} means (x1/y1) for n1 OFDM symbols and (x2/y2) for n2 OFDM symbols
The sub-frame duration corresponds to the minimum downlink TTI. The possibility to concatenate multiple sub-frames into longer TTIs, e.g. for improved support for lower data rates and QoS optimization, should be considered.
Note that the sub-carrier spacing is constant regardless of the transmission bandwidth. To allow for operation in differently sized spectrum allocations, the transmission bandwidth is instead varied by varying the number of OFDM sub-carriers.The necessity for supporting an additional longer cyclic-prefix duration, see Table 1, is under consideration. The longer cyclic prefix should then target multi-cell broadcast and very-large-cell scenarios.

--- End text proposal ---

Text proposal for Section 7.1.1 Modulation scheme

Supported downlink data-modulation schemes are QPSK, 16QAM, and 64QAM.
Extension to hierarchical modulation schemes for broadcast should be considered.
--- End text proposal ---

Text proposal for Section 7.1.2 Multiplexing including pilot structure

7.1.2.1 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 Error! Reference source not found. (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.
7.1.2.2 Downlink pilot structure

Downlink reference/pilot symbols are to be transmitted on the downlink. The downlink reference/pilot symbols can be used for at least  

· Downlink-channel-quality measurements for CQI reporting

· Downlink channel estimation for coherent demodulation/detection at the UE

· Cell search and initial acquisition

The reference/pilot symbols are inserted into the time/frequency grid according to a known pattern. The exact reference/pilot-symbol pattern is TBD, but the density of reference/pilot symbols in the time/and frequency domain should be sufficient to handle the highest time and frequency selectivity expected for E-UTRA. The use of an adjustable pilot density in order to adapt to different channel properties (time/frequency selectivity) should also be considered.
Scattered pilots should be evaluated as well as pure time or frequency multiplexed pilots.
In order to support advanced antenna solutions such as MIMO, beam-forming etc., multiple orthogonal reference/pilot-symbol patterns should be possible within one cell (different reference/pilot-symbol patterns for different TX antennas, different beams, etc.). 

--- End text proposal ---

Text proposal for Section 7.1.3 Channel coding …

Current assumption for the study-item evaluations should be that channel coding for “normal” data [Layer 3 information] is based on UTRA release 6 Turbo coding, possibly extended to lower rates by extension with additional code polynomials, extended longer code blocks, and modified by the removal of the tail. However, the use of alternative FEC encoding schemes could also be considered, especially if significant  benefits in terms of complexity and/or performance can be shown. 
To achieve high processing gain, repetition coding can be used as a complement to FEC.
Channel coding for lower-layer control signaling is TBD. 


--- End text proposal ---

Text proposal for Section 7.1.4 MIMO

The baseline antenna configuration for MIMO is two transmit antennas at the cell site and two receive antennas at the UE. The possibility for higher-order downlink MIMO (more than two TX/RX antennas) should also be considered. 
--- End text proposal ---
Text proposal for Section 7.2.3 HARQ

Downlink hybrid ARQ should be based on Incremental Redundancy. Note that Chase Combining is a special case of Incremental Redundancy and is thus implicitly supported as well.

--- End text proposal ---
Text proposal for Section 7.2.5 (Downlink) power control

Downlink power control for physical/L2-control signaling channel, at least tracking path loss and shadowing, should be investigated during the study item.
--- End text proposal ---
Text proposal for Section 7.3.1 UE measurements

The UE should be able to measure and report to the Node B the channel quality of each resource block, see Section 0, in form of a CQI. In order to allow for efficient trade-off between UL signaling overhead and link-adaptation/scheduling performance taking varying channel-conditions and type of scheduling into account, the time/frequency granularity of the CQI reporting should be adjustable.
Measurements periods to support inter-frequency and inter-RAT handover should be created by the scheduler, i.e. compressed mode is not assumed to be needed.
--- End text proposal ---
Text proposal for Section 9.1 Basic transmission scheme







	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	




The basic uplink transmission scheme is based on low-PAPR single-carrier transmission with cyclic prefix to achieve uplink inter-user orthogonality and to enable efficient frequency-domain equalization at the receiver side. The current assumption is that both localized and distributed transmission is to be considered in order to support both frequency-adaptive and frequency-diversity transmission. The exact transmit processing (time-domain or frequency domain processing, etc.) is under consideration.  It may be noted that numerology specified below are for evaluation purpose only.

The basic sub-frame structure for the uplink transmission is given in Figure 2 and Figure 3 using two and three short blocks (SB) per sub-frame respectively.  It may be noted that SB denotes short block size for pilot or data symbols and LB denotes long block for data symbols.  The location of the short blocks within the sub-frame is shown as an example in these two figures.  Note that the data could include either or both of scheduled data transmission and contention based data transmission.
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Figure 2. Sub-frame format with two short blocks/sub-frame
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Figure 3. Sub-frame format with three short blocks/sub-frame

The minimum TTI for uplink transmission is equal to the uplink sub-frame duration. Similar to the downlink, the possibility to concatenate multiple sub-frames into longer uplink TTIs should be considered.
The sub-frame has the following properties:

· Spectrum usage efficiency 0.8192 and 0.9015 (e.g. 8.192/9.015 Msymbols/s at 10-MHz transmission bandwidth)
· The same sub-frame format for both localized and distributed FDMA cases
· Six long blocks  (LBs) comprising 512/1024 symbols/samples per  block, are for data in 10-MHz transmission bandwidth
· Three/Two short blocks (SBs) comprising 256/512 symbols/samples per a block, are for pilot and/or data, in 10-MHz transmission bandwidth
· Adaptive pilot blocks is FFS 
The trade-off between BW efficiency and PAPR needs to be investigated. As such, two tables are described for the basic transmission parameters for different bandwidths.  The first table corresponds to chip rate of 4.096 Mcps with lower BW efficiency and lower PAPR/CM while the second table is very similar to downlink numerology (same sub-carrier spacing and number of occupied sub-carriers) with higher BW efficiency and slightly higher PAPR/CM.   It may be noted that single carrier transmission techniques using both time and frequency domain transmit processing can be supported using the numerologies in the two tables.  Also, note that the CP duration is based on that the first table uses 3 short blocks/sub-frame and the second table uses 2 short blocks/sub-frame but can be modified to support either 2 or 3 short-blocks/sub-frame.
	“Transmission bandwidth”
(MHz)
	Sub-frame duration
(ms)
	Long block size
((s/symbols)
	Short block size
((s/symbols)
	CP duration
((s/symbols)


	20
	0.5
	62.50/1024
	31.25/512
	(3.91/64) ( 1*,

(3.42/56) ( 8

	15
	0.5
	62.50/768
	31.25/384
	(3.91/48) ( 1*,

(3.42/42) ( 8

	10
	0.5
	62.50/512
	31.25/256
	(3.91/32) ( 1*,

(3.42/28) ( 8

	5
	0.5
	62.50/256
	31.25/128
	(3.91/16) ( 1*,

(3.42/14) ( 8

	2.5
	0.5


	62.50/128
	31.25/64
	(3.91/8) ( 1*,

(3.42/7) ( 8

	1.25
	0.5
	62.50/64
	31.25/32
	(7.81/8) ( 1*,

(2.93/3) ( 8


Table 3 Parameters for uplink transmission scheme using BW efficiency of 81.9%
*: {(x1/y1) ( n1, (x2/y2) ( n2} means (x1/y1) for n1 pilot or data blocks and (x2/y2) for n2 pilot or data blocks
Note that the largest CP duration includes guard time for ramp up + ramp down time in both the tables
	“Transmission bandwidth”
(MHz)
	Sub-frame duration
(ms)
	Long block size
((s/samples)
	Short block size
((s/samples)
	CP duration
((s/samples)


	20
	0.5
	66.67/2048
	33.33/1024
	(4.13/127) ( 7,

(4.39/135) ( 1*

	15
	0.5
	66.67/1536
	33.33/768
	(4.12/95) ( 7,

(4.47/103) ( 1*

	10
	0.5
	66.67/1024
	33.33/512
	(4.1/63) ( 7,

(4.62/71) ( 1*

	5
	0.5
	66.67/512
	33.33/256
	(4.04/31) ( 7,

(5.08/39) ( 1*

	2.5
	0.5


	66.67/256
	33.33/128
	(3.91/15) ( 7,

(5.99/23) ( 1*

	1.25
	0.5
	66.67/128
	33.33/64
	(3.65/7) ( 7,

(7.81/15) ( 1*


Table 4. Parameters for Uplink Transmission Scheme using BW efficiency of ~90%

*: {(x1/y1) ( n1, (x2/y2) ( n2} means (x1/y1) for n1 pilot or data blocks and (x2/y2) for n2 pilot or data blocks
Note that the largest CP duration includes guard time for ramp up + ramp down time in both the tables
Text proposal for Section 9.1.1 Modulation scheme

The supported uplink data-modulation schemes are QPSK and 16QAM. Additional uplink data-modulation schemes, including 8PSK, could also be considered.

--- End text proposal ---

Text proposal for Section 9.1.3 Channel coding …

Similar to the downlink, the current assumption is that uplink channel coding for Layer 3 information is based on current UTRA release 6 Turbo coding, possibly extended to lower rates by the extension of additional code polynomials, extended to longer code blocks, and modified by the removal of the tail. However, also similar to the downlink, the use of alternative FEC encoding schemes could be considered if significant benefits in terms of complexity and performance could be shown. 
To achieve high processing gain, repetition coding can be used as a complement to FEC.
Uplink channel coding for lower-layer control signaling is TBD.

--- End text proposal ---
Text proposal for Section 9.1.4 MIMO

The baseline antenna configuration for uplink single-user MIMO is two transmit antennas at the UE and two receive antennas at the Cell site. The possibility for higher-order uplink MIMO/SDMA (more than two TX/RX antennas) should also be considered. 

--- End text proposal ---
Text proposal for Section 9.2.2 Scheduling

The uplink should allow for both scheduled (Node B controlled) access and contention-based access. 

In case of scheduled access the UE is dynamically allocated a certain frequency resource for a certain time (i.e. a time/frequency resource) for uplink data transmission. 

However, some time/frequency resources can be allocated for contention-based access. Within these time/frequency resources, UEs can transmit without first being scheduled. As a minimum, contention-based access should be used for random-access and for request-to-be-scheduled signaling

--- End text proposal ---

Text proposal for Section 9.2.4 Power control

For the uplink, transmission power control, being able to compensate for at least path loss and shadowing should be supported. The benefits and possible means for compensating also for fast (multi-path) fading should be investigated during the Study Item phase.
--- End text proposal ---

Text proposal for Section 9.2.4 HARQ

Uplink hybrid ARQ should be based on Incremental Redundancy. Note that Chase Combining is a special case of Incremental Redundancy and is thus implicitly supported as well.

--- End text proposal ---

3. Text proposals not directly mapping to current TR sections

Text proposal for Section 7.1.X Downlink macro diversity

Fast cell selection is one option for macro-diversity for unicast data.. In principle, Intra-Node-B selection should be able to operate on a sub-frame basis while the "speed" of inter-Node-B cell selection will depend on the outcome of discussions on Evolved UTRAN architecture.　 

For multi-cell broadcast, soft combining of radio links should be supported, assuming a sufficient degree of inter-Node-B synchronization, at least among a sub-set of Node B’s.

--- End text proposal ---

Text proposal for Section 7.2.X Inter-cell interference mitigation

Inter-cell interference is suppressed by processing/coding gain in combination with cell-specific scrambling (randomization) of the coded data streams. The alternative use of cell-specific interleaving as a means for randomization [2] should also be considered. Receiver technologies suppressing inter-cell interference may also be considered.

To further reduce the downlink inter-cell interference, constraints can be imposed on the Node B scheduler. The scheduler may e.g. be limited to schedule data only on a sub-set of the total set of sub carriers or have a tlimit in the allowed maximum transmit power on some sub carriers. If these scheduler constraints are coordinated between cells in such a way that the sub-sets mentioned above are orthogonal, each cell can then experience reduced inter-cell interference and, potentially, improved cell-edge coverage.  This also include means to orthogonalize pilot between cells
Operation with a frequency reuse larger than one should also be considered as part of the Study Item.

--- End text proposal ---

Text proposal for Section 9.1.X Uplink macro diversity

Uplink macro diversity, i.e. the simultaneous reception of the uplink transmission at multiple cell sites should be studied, taking the complexity vs. performance trade-off into account.

--- End text proposal ---
Text proposal for Section 9.2.X Uplink timing control

Uplink timing control, able to align uplink transmissions from multiple users (including the delay spread) within the cyclic prefix, should be supported.
--- End text proposal ---

Text proposal for Section 9.2.X Inter-cell interference mitigation

Similar to the downlink, inter-cell interference is suppressed by processing/coding gain in combination with UE-specific scrambling (or, alternatively, UE specific interleaving) of the uplink signals. 

Also similar to the downlink, there can be adaptive constraints in the uplink scheduler, e.g. allowing only a part of the overall bandwidth to be used in a cell or restricting the UE transmit power in part of the overall bandwidth, reducing inter-cell interference and, potentially, improving the cell-edge coverage.

--- End text proposal ---
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