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1 Introduction
In the RAN2 #56 meeting in Riga, the issue of scheduled and non-scheduled transmission was discussed in [1]. In this document we will further disscuss the solutions to implement the multiplexing of scheduled and non-scheduled transmission.
2 Discussion
2.1 General

2.1.1 Concepts

For convenience in the following description, we define three concepts first:

Scheduled traffic and non-scheduled traffic: Scheduled traffic and non-scheduled traffic are the same as those in EUL for HCR TDD.
Scheduled transmission and non-scheduled transmission: Scheduled transmission uses the reserved scheduled HARQ process identifiers and E-HICH which is granted by Node B via E-AGCH. Non-scheduled transmission uses the reserved non-scheduled HARQ process identifiers and non-schedule E-HICH which is allocated by RRC.

Scheduled grant resources and non-scheduled grant resources: Scheduled grant resources are the physical resources which are allocated by the MAC-e entity inside Node B for scheduled traffic transmission. Non-scheduled grant resources are the physical resource which are allocated and could be re-configured by RRC to guarantee the non-scheduled traffic transmission. 

2.1.2 Multiplexing principle
Multiplexing consists of two aspects, one is physical resource combination, and the other is MAC multiplexing. In [1], four multiplexing options have been discussed and the option 2 was preferred, in which both resource combination and MAC multiplexing between non-scheduled traffic and scheduled traffic are supported. 

With regard to MAC multiplexing, MAC-es PDU for scheduled traffic and non-scheduled traffic can be multiplexed into one MAC-e PDU according to the configured multiplexing list. Transmissions only for scheduled traffic are named scheduled transmission, while transmissions for non-scheduled traffic only or for both non-scheduled traffic and scheduled traffic are called non-scheduled transmission. The non-scheduled traffic should be transmitted with higher priority.

For the physical resource, non-scheduled transmission and scheduled transmission may employ scheduled grant and non-scheduled grant physical resource, including the timeslots, E-PUCH codes, power etc. In detail:

· If only non-scheduled grant is available, non-scheduled transmission or scheduled transmission may be performed;

· If both non-scheduled grant and scheduled grant are available, non-scheduled transmission or scheduled transmission may be performed;

· If only scheduled grant is available, only scheduled transmission may be performed;

Figure 1 illustrates the relationship of traffic, transmission and physical resource.
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Figure 1 relationship of traffic, transmission and physical resource
The figure is described below: 

1: Scdeduled transmission is designated in a TTI;

2: Non-scheduled transmission is designated in a TTI. The scheduled data shall be multiplexed with non-scheduled data based on the non-scheduled MAC-d flow multiplexing list;

3: Scheduled transmission, only scheduled grant is available in the TTI;
4: Scheduled transmission, both scheduled grant and non-scheduled grant are available in the TTI;
5: Scheduled transmission, only non-scheduled grant is available in the TTI;

6: Non-scheduled transmission, both scheduled grant and non-scheduled grant are available in the TTI;

7: Non-scheduled transmission, only non-scheduled grant is available in the TTI.
2.1.3 Principle for E-TFC selection
When UE performs the E-TFC selection, the following principle should be taken into account.

· E-TFC selection is based on logical channel priorities like in the Release '99, i.e. the UE shall maximize the transmission of higher priority data;

· The UE shall respect the allowed multiplexing list of the different MAC-d flows in the same MAC-e PDU.

· Maximum code rate and minimum code rate should be provided by higher layer.

· Because of the time-varying fading radio channel, it is impossible to receive every bit with the same power in the receiver. To guarantee the performance, higher layer provides 8 reference code rates within the maximum code rate and minimum code rate, and each reference code corresponds to one reference power offset which ensures BLER below 0.1.

·  The general E-TFC selection rules: 

-- P1: UE determines two sets of TBS (A1 for QPSK and A2 for 16QAM respectively), which should meet the demand to fall within the maximum code rate and minimum code rate according to the selected modulation type and granted physical resources. 

-- P2: UE then determines subset B1 and B2 of A1 and A2 which should meet the demand that their transmission power is less than or equal to the power granted, taking into account of the power offset of the HARQ profile of MAC-d flow, Pe-base and beta values for QPSK and 16QAM. 

-- P3: UE may determine the largest TBS according to its buffer status with lower power requirement from set B1 or B2.
Based on the above principle, two Multiplexing solutions for scheduled and non-scheduled transmission are provided to improve the efficiency of physical resource in EUL for LCR TDD.
2.2 Multiplexing Solution 1 : RU Conversion

All the scheduled and non-scheduled physical resources are used as a whole in a TTI. If all or parts of the scheduled and non-scheduled physical resources are allocated in the same timeslot, the maximum resource will be selected for the timeslot, i.e. the minimum SF and the total power. 
In this solution, all the available code resources should be converted into RU (SF=16). The total available RU number is graduated into 5 categories, in each of which there are 32 transport block size (TBS). The mapping of TBS L to signaled index ki (E-TFCI) is based on the RU number, which is clarified in Table 1. 

Table 1 TBS Table
	ki
	Category 1 

(1-16RU)
	Category 2 

(17-32RU)
	Category 3 

(33-48RU)
	Category 4 

(49-64RU)
	Category 5 

(65-80RU)

	0
	L0
	..
	..
	..
	..

	…
	..
	..
	..
	..
	..

	31
	..
	..
	..
	..
	..


If both the scheduled and non-scheduled resources are available in a coming TTI, UE should select the maximum resources for each timeslot and then convert the total available code resources into RU.
UE determines the sets of TBS A1(QPSK) and TBS A2 (16-QAM) whose code rates fall within the allowed maximum and minimum (inclusive) code rate specified by RRC for the calculated RU.  
UE divides each TBS in A1 and A2 to N shares (N is the number of timeslot the scheduled and non-scheduled physical resources allocated), based on the proportion of the RU number in each timeslot. The sub-TBS allocated to each timeslot is noted as B1i (QPSK), B2i (16QAM), i=1..N.

For each timeslot, UE determines the subsets C1i and C2i of B1i and B2i respectively which require transmission power is less than or equal to the power available in the timeslot, taking into account of the power offset of the HARQ profile of MAC-d flow, Pe-base and beta values for QPSK and 16QAM.

UE determines the subset D1 and D2 of A1 and A2 which require all the N shares are in the C1i and C2i ( i=1..N).

UE selects the largest MAC-e PDU block size k that can be supported according to the buffer status, from the sets D1 and D2. If k belongs exclusively to set D1, UE selects QPSK modulation. If k belongs exclusively to set D2, select 16-QAM modulation. If k appears in both sets D1 and D2, select 16-QAM modulation only if it offers a lower power requirement than QPSK, otherwise select QPSK modulation.

In the receiver, Node B calculates the powers offset according to the TBS provided in E-UCCH respectively for QPSK and 16QAM, and select the modulation type which requires lower power.
2.3 Multiplexing Solution 2 (Transmission UE buffer) 

From solution 1, we can see the only parameter Node B can’t know accurately is the current buffer status in UE. In this solution, the buffer status will be transmitted in E-UCCH rather than TBS. Both the transmitter and receiver follow the same rule and parameters to select TBS and modulation type. Maximum resource selection for each timeslot should be taken as solution 1. The TBS table can be designed without the consideration of signaling overheads.

P1: UE determines modulation type and transmission data size respectively and independently for each timeslot following the principle for E-TFC selection as described in sub clause 1, i.e. solution 2 allows different code rate and different modulation type in different timeslot. 

P2：For each timeslot, UE determines the largest transmission data size that can be supported.

P3: UE then compares the summation of transmission data size from each timeslot with the buffer status as follows: 


 Summation ≤ buffer status: no action, the procedure ends;

Summation > buffer status: for each timeslot, UE selects the next smaller transmission data size that can be supported and repeats P3.
2.4 Comparison

2.4.1 Simulation Parameters

Table 2 Randomly Selected UE Buffer Statuses 

For Solution 1 and Non-Multiplexing Scenario

	50
	3982
	6570
	907
	13837
	8160
	5929
	7218
	4676
	6061

	3164
	8118
	10646
	7418
	8968
	2927
	5318
	10967
	9532
	6456

	7950
	11119
	829

	8441
	704

	5816
	4270
	12242
	211

	10752

	13592
	13862
	11045
	14100
	
	
	
	
	
	


Table 3 Buffer Status Grades for Solution 2

	Grade
	１
	２
	３
	４
	５
	６
	７
	８

	Buffer Status
	40
	48
	58
	71
	85
	103
	124
	150

	Grade
	９
	10
	11
	12
	13
	14
	15
	16

	Buffer Status
	181
	219
	265
	320
	386
	467
	564
	681

	Grade
	17
	18
	19
	20
	21
	22
	23
	24

	Buffer Status
	822
	994
	1200
	1450
	1751
	2116
	2556
	3087

	Grade
	25
	26
	27
	28
	29
	30
	31
	32

	Buffer Status
	3730
	4505
	5442
	6574
	7942
	9594
	11589
	14000


Table 4 5bits TBS Table for Solution 1 and non-Multiplexing Scenario
	Index
	Category 1
	Category 2
	Category 3
	Category 4
	Category 5

	0
	23
	23
	23
	23
	23

	1
	27
	27
	28
	28
	28

	2
	31
	33
	34
	34
	35

	3
	37
	39
	41
	42
	43

	4
	43
	47
	49
	51
	53

	5
	50
	56
	60
	62
	65

	6
	58
	66
	72
	76
	80

	7
	68
	79
	87
	93
	98

	8
	79
	95
	105
	113
	120

	9
	92
	113
	127
	139
	148

	10
	107
	135
	154
	169
	182

	11
	125
	161
	186
	206
	224

	12
	146
	192
	225
	252
	275

	13
	170
	229
	272
	308
	338

	14
	199
	274
	329
	376
	416

	15
	232
	327
	398
	459
	511

	16
	270
	390
	482
	560
	629

	17
	315
	465
	583
	683
	773

	18
	368
	555
	705
	834
	951

	19
	429
	662
	852
	1018
	1169

	20
	500
	791
	1031
	1243
	1437

	21
	583
	944
	1247
	1518
	1768

	22
	680
	1126
	1508
	1853
	2174

	23
	794
	1344
	1824
	2262
	2673

	24
	926
	1604
	2206
	2762
	3287

	25
	1080
	1914
	2668
	3371
	4042

	26
	1260
	2285
	3226
	4116
	4970

	27
	1469
	2727
	3902
	5024
	6111

	28
	1714
	3254
	4719
	6134
	7515

	29
	1999
	3884
	5707
	7488
	9241

	30
	2332
	4635
	6903
	9142
	11364

	31
	2720
	5532
	8348
	11160
	13974


Table 5 Reference Power 
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 for Different Code Rate

	Code rate
	0.333
	0.413
	0.493
	0.573
	0.653
	0.733
	0.813
	0.893

	QPSK (dB)
	-15.268
	-14.268
	-13.268
	-12.268
	-11.268
	-10.268
	-9.268
	-8.268

	16QAM(dB)
	-10.104
	-8.854
	-7.604
	-6.354
	-5.104
	-3.854
	-2.604
	-1.354


Table 6 Other Parameters

	maximum code rate
	< 0.9

	minimum code rate
	> 0.3

	timeslot number
	TS1-TS5

	SF 
	1,2,4,8,16

	Granted power for scheduling
	[0:1:31] db

	Granted power for non scheduling
	[0:1:31] db

	UE_buffer status 
	14100 bits (i.e. Grade 32 for solution 2)


Table 7 Abbreviations
	ts_ns 
	Time slot for non scheduling

	ts_s 
	Time slot for scheduling

	sf_ns
	Spread factor for ts ns

	sf_s
	Spread factor for ts s

	BPS
	Bit Per Second


2.4.2 Simulation Result 

The maximum throughput under 3 scenarios (multiplexing solution 1, multiplexing solution 2, non-multiplexing) are calculated and compared. 
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2.4.3 Summary and conclusion 

We can see from the simulation result and come to a conclusion. under the same simulation condition, multiplexing solution 1 and 2 provide the same performance. However, under some extreme conditions, the throughput provided by solution 1 would descend slightly for the improper grant power.
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10 Non-scheduled transmissions
When non-scheduled transmission is configured by the SRNC, the UE is allowed to send E-DCH data at any time, up to a configured resource, without receiving any scheduling command from the Node B. Thus, signalling overhead and scheduling delay are minimized.
Typical examples of data that may use non-scheduled transmission are the SRBs and GBR services.

Non-scheduled transmissions have the following characteristics:

· Non-scheduled transmissions are defined per MAC-d flow;

· The resource for non-scheduled transmission is given by the SRNC and is called non-scheduled grant; A non –scheduled grant is defined by

· The codes and timeslots available for transmission in TTIs designated for unscheduled use

· The frames designated for unscheduled use (specified by means of start frame number, repetition period and repetition length)

· Scheduled logical channels can use the non-scheduled grant in the following cases:
· The current TTI is designated for non-scheduled transmission. The scheduled data shall be multiplexed with non-scheduled data based on multiplexing list, up to the sum of the non-scheduled grant and scheduled grant (if available in the TTI); 

· The current TTI is designated for scheduled transmission (i.e. the non-scheduled buffer is empty). The UE is allowed to transmit scheduled data up to the sum of the scheduled grant and non-scheduled grant (if scheduled grant or non-scheduled grant available in the TTI);
· Multiple non-scheduled MAC-d flows may be configured in parallel by the SRNC, provided they are defined (via RRC) to use the same resources;

· The UE is then allowed to transmit non-scheduled transmissions up to the sum of the non-scheduled grant and scheduled grant (if available in the TTI) if multiplexed in the same TTI;
· The non-scheduled transmission has separate HARQ processes from the scheduled transmission. 
· 
· 
· The multiplexing list restricting the set of HARQ profiles that can be used by a given logical channel will apply both for scheduled and non-scheduled logical channels;

· Logical channels will be served in the order of their priorities until the non-scheduled grant and scheduled grants are exhaused, or the maximum transmit power is reached;

· When multiple logical channels are assigned the highest priority, the selection of the HARQ profile for these logical channels is not specified.
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