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1. Introduction

The RLC SN range in UM is limited to 128 values. The HFN component of the time-varying input parameter COUNT-C for ciphering/deciphering is incremented when the SN wraps around. If 128 consecutive RLC PDUs of the same logical channel are lost, sending and receiving side use different COUNT-C values for ciphering resp. deciphering after this loss, and deciphering from that point-in-time on does not recover the original cleartext, but would lead to only useless data.

Such a situation can occur, because due to the missing segmentation functionality in MAC-hs as well as the fact that due to the Iur/Iub delay (around 100ms) it is impossible to change the UM RLC PDU size as fast (in the range of the TTI-hs
 duration) as the channel conditions change, the UM RLC PDU size
 has to be chosen close to the smallest transport block size (say 317 bits, while the absolute minimum is 137 bit according to TS25.321v520
), if it is intended that a very robust Modulation and Coding Scheme (MCS) be available. 

Since the largest transport block size according to TS25.321v520 is 28458 bit (i.e. virtually no protection at all) it is possible that there can be 28458/317=89 RLC PDUs in a single transport block. Even if the absolute maximum transport block size is never used, but e.g. only 22400 bit as a maximum, the number of MAC-d PDUs of the size 317 bit contained in this transport block is still around 70 (the MAC-hs header also has to be considered in this calculation). If two MAC-hs PDUs carry 64 RLC PDUs of the same logical channel each, and these 128 RLC PDUs of the same logical channel are consecutive, and both MAC-hs PDUs, that carry these 2 x 64 RLC PDUs of the same logical channel, are lost, the loss of HFN-synchronism would result. Note that a it is not a necessary condition for the loss of HFN-synchronism that two consecutive MAC-hs PDUs (containing RLC PDUs of the same logical channel) are lost. Instead it is a sufficient for the loss of HFN synchronism that two MAC-hs PDUs (which are not necessarily sent consecutively) are lost, which contain together 128 consecutive UM-RLC-PDUs of the same logical channel.

Note that there is a one-to-one mapping between a UM RLC PDU and the MAC-d PDU (= MAC-hs SDU), in which it is carried, since one MAC-d PDU contains exactly one UM RLC PDU.

1.1 When to use UM ?

With respect to UM, at the RAN WG2 meeting #28 in Kobe, it was stated according to the minutes [2]:

“It had been concluded in the past that UM was not intended to be used for high bit rates. This was a known limitation that was reconfirmed.” 

Hence, it it was suggested and fixed in the RAN2#28 minutes [2], that a corresponding note be added to TS 25.308 to make this clear, so that it never happens that 128 consecutive RLC PDUs sent by the same UM RLC entity are lost on the HS-DSCH. Apparently, such a note has so far not been incorporated to TS 25.308.

On the other hand, R2-022607 (Source: NOKIA, presented on RAN2#32) drew the conclusion that streaming services in general should use UM, because the portion for RAN internal delays does not tolerate both the delay resulting from RLC retransmissions and delay resulting from packet scheduling optimisation at NodeB. 

Hence, restricting the applicability of UM only to lower bit rate services does not seem possible. 

If, however, UM were to be used also for high bit rate services, some means seem needed to avoid the loss of HFN-synchronism, since its consequence are catastrophic: Since deciphering fails, only useless data will be received by the application after loss of HFN-synchronism occurs.

2. Options for allowing UM also for high bit rate scenarios

In the following other options are investigated.

2.1 Emulating UM with AM

Use AM with no retransmissions (MaxDAT = 2, i.e. the number of transmissions of an AM RLC PDU equals 1 accorrding to 25.322v520 section 9.6), i.e. emulate UM transmission by a special case of AM so that the bigger SN range of AM can be used without retransmissions. 

Then, however, section 11.3.3a prescribes that whenever VT(DAT) equals MaxDAT, depending on the configuration, either an “RLC Reset” procedure or an "SDU discard with explicit signalling" procedure has to be initiated, i.e. for each unsuccessful RLC PDU transmission either of these procedures would be initiated. It is obvious that it cannot be a solution to always reset the whole RLC protocol, when an RLC PDU has not been transmitted successfully. However, also the "SDU discard with explicit signalling" procedure seems to be “over-engineered”, since it needs the transmission of a Control PDU with the MRW SUFI necessary to advance the AM RX window. Also, even if the RX window were configured to a size of 1, the AM RLC protocol would not come close to the UM protocol, since in contrast to the UM RLC protocol, whenever an RLC PDU outside the RX window were received, it would simply be discarded because it is outside the RX window, while in UM an RLC PDU, which is not the next expected RLC PDU is accepted and causes an SDU discard related to SDUs that contain segments, which are expected to be included in the next expected RLC PDU (and possibly in the other missing RLC PDUs).


As a conclusion it can be stated that it is not possible to reasonably configure AM in such a way that it fully emulates UM just with a bigger SN range, since every AM PDU that is transmitted unsuccessfully would cause transmission of a Control PDU via the HS-DSCH just to advance the RX window. 

2.2 Using UM with an RLC size that is bigger than what the most robust MCS (with 1 code) can carry

Use UM, but define the RLC size (for a high bit rate streaming service) so big that the number of RLC PDUs of that logical channel within a MAC-hs PDU of any size are not bigger than e.g. 42, so that more than 3 MAC-hs PDUs each containing consecutive 42 RLC PDUs of the same UM logical channel have to be lost to cause a loss of HFN synchronism. 

Then, however, the robustness of the MCS of the corresponding MAC-hs PDU for carrying only one of these RLC PDUs is somewhat limited, if this MCS is to be achieved with only 1 code: e.g. assuming that the maximum TB size is 22548 (15 codes, 16 QAM, 6252 redundancy bits, i.e. the “code rate” is about 0.78  
) according to [1], with the restriction that at most 42 MAC-d PDUs of a given logical channel may be contained in this block size, the MAC-d PDU size would be around 536, i.e. the TB size closest to this value is 533 (1 code, QPSK, 427 redundancy bits, i.e. the “code rate” is about 0.56  
). 

Demanding for a very robust MCS would require 2 codes for the transmission of a MAC-hs PDU only carrying one RLC PDU; with 2 codes, it is easily possible to achieve a code rate of 1/3: The smallest TB size (defined for 2 codes) of 605 would be carried in a container of 1920 L1 bits, i.e. the code rate is 0.315   
.


Demanding for always using 2 codes for transmitting data with a very robust MCS seems to be too restrictive, since for delay jitter reduction it is desirable to maximize the number of UEs that are served simultaneously. (Note that the figure of 4 HS-SCCHs only refers to the number of HS-SCCHs, which a UE has to be able to decode simultaneously, i.e. the number of UEs served in parallel can well be higher than 4.)

2.3 Making the scheduler limit the number of UM RLC PDUs carried on the same logical channel within the MAC-hs PDUs

There are three options to introduce such a limitation:

1. Limit the number of UM RLC PDUs of the same logical channel to be conveyed in one MAC-hs PDU to a predefined constant maximum value, e.g. 42 so that in the worst case more than 3 MAC-hs PDUs carrying consecutive UM RLC PDUs of the same logical channel have to be lost in order to cause a loss of HFN synchronism. 
If this configuration also used small RLC sizes with a very robust MCS, e.g. choosing MAC-d PDU sizes around 317 bit (resulting in a code rate of 0.33 for 1 code, QPSK if this MAC-d PDU is the only one carried in a MAC-hs PDU), the resulting maximum data rate (with very good channel conditions, hence only weak FEC) would be 42 x 317 bit/2ms = 6.66 Mbps (needing 14 codes with QPSK and 7 codes with 16QAM to achieve a transport block size of 13415 to accommodate the 42 x 317=13314 user data bits), i.e. even if on average the UE were scheduled for data transmission only every second TTI-hs and with a success rate of 90% for a downlink transmission of 13440 L1-bits, an average data rate of 0.9 x 3.33 = 3 Mbps would be achievable.

A somewhat higher flexibility would result, if the limitation to some maximum were done based on consecutive 128 MAC-d PDUs of the same logical channel being in transmission in one or several MAC-hs PDUs, rather than on a (fixed) maximum number of MAC-d PDUs to be inserted in each MAC-hs PDU:

2. 128 consecutive UM RLC PDUs of one logical channel shall be transmitted in at least K Mac-hs PDUs. This value K is implicitly known or explicitly signalled to the scheduler. If a logical channel (LC1) uses small RLC sizes (about 320 bits) and the maximum datarate of 28458/2ms can be reached, then around 88 RLC PDUs can be transmitted in the transport block. The following 128-88=40 RLC PDUs of LC1 have to be distributed to K-1 Mac-hs PDUs. This rule should be applied in a “sliding window” manner: E.g. If  K MAC-hs PDUs contain 128 consecutive RLC PDUs of one logical channel, the next MAC-hs PDU to carry the next (in-sequence) RLC PDUs of the same logical channel should not contain more RLC-PDUs than the first MAC-hs PDU of these original K MAC-hs PDUs.

3. Make the scheduler record the number of consecutive UM RLC PDUs of the same logical channel, which are currently in transmission as part of 4 MAC-hs PDUs, and let the scheduler keep this number always below 128. 
E.g.: if on the 6 HARQ processes used to transmit to a UE, 4 MAC-hs PDUs are in transmission with UM RLC PDUs of e.g. logical channel 1 (LC1), the scheduler has kept the number of UM RLC PDUs of LC1 below 128. If e.g. this number is equal to 127 for LC 1, the scheduler will not insert any UM RLC PDUs of LC1 into the next MAC-hs PDU to be transmitted, until one of the MAC-hs PDUs carrying UM RLC-PDUs of LC1 has been acknowledged. Depending on which of the 4 MAC-hs PDUs was acknowledged, the number of UM RLC PDUs to be inserted in the next MAC-hs PDU to be sent is determined as explained in the following example:


Assume that (with an RLC size of around 300 bit)

· the first 60 UM RLC PDUs of LC1 are carried in the MAC-hs PDU with TSN 21.


· the next 40 UM RLC PDUs of LC1 are carried in the MAC-hs PDU with TSN 22.

· the next 20 UM RLC PDUs of LC1 are carried in the MAC-hs PDU with TSN 25.

· the next 7 UM RLC PDUs of LC1 are carried in the MAC-hs PDU with TSN 27.


(the MAC-hs PDUs with TSNs 23, 24, and 26 do not carry RLC PDUs of LC1)

If MAC-hs PDU with TSN 27 is ACK’ed, while the others are still under retransmission, the scheduler can insert up to 127 UM RLC PDUs of LC1 into the next MAC-hs PDUs, assuming that the ACK did not result from a NACK>ACK misinterpretation. This is true because the 7 ACK’ed UM RLC PDUs form the last RLC PDUs in the block of consecutive 127 UM RLC PDUs. 

If only MAC-hs PDU with TSN 22 is ACK’ed, while the others are still under retransmission, the scheduler can only insert 127 – 7 – 20 UM RLC PDUs of LC1 into the next MAC-hs PDUs to be compiled next, in order to make sure that even if these 100 UM RLC PDUs as well as the 27 UM RLC PDUs contained in MAC-hs PDUs with TSN 25 and 27 are lost, no loss of HFN synchronism happens. If these 127 UM RLC PDUs are actually lost, the scheduler would have to make sure that the next UM RLC PDU is by all means received error-free by the UE, i.e. then the scheduler could even increase the redundancy (e.g. by using 2 or more codes) for this 128th UM RLC PDU of LC1, and possibly only carrying this UM RLC PDU in a single MAC-hs PDU with very strong error protection. 


This third option exploits the knowledge, which the scheduler can get evaluating the information about ACK’ed or finally aborted MAC-hs PDU transmissions. However, such knowledge is only useful, if the reliability of NACK>ACK misinterpretation is low enough. For SHO situations, this reliability was shown to be somewhat limited, i.e. the probability of NACK>ACK misinterpretation can easily be higher than 1e-03. 

With a MAC-hs PDU loss of around 1e-02, the risk of losing 128 consecutive UM RLC PDUs due to NACK>ACK misinterpretation would be 1e-04, if 64 UM RLC PDUs were carried in a MAC-hs PDU. Hence, that a UM-Radio Bearer suffers from loss of HFN synchronism, would happen on average after transmitting 640000 UM RLC PDUs on one logical channel. Assuming an UM RLC PDU size of around 300 bit (each MAC-hs PDU would carry 64 x 300 = 19200 bits for these RLC PDUs, maximum transport block size is 28457 bit !), HFN synchronism would be lost in SHO conditions after downloading 24 MB of data, which would take about 64s, if the available data rate is 3 Mbps. 

Applying option 1 would provide more reliability also in SHO conditions, since with the limit of 42, more than 3 MAC-hs PDUs would have to be lost, i.e. with a NACK-ACK-misinterpretation probability of 1e-02 the loss of HFN synchronism would happen only with a probability of 1e-08, i.e. 42e+08 RLC PDUs have to be transmitted until HFN synchronism has to be expected, this would take, with an RLC PDU size of 300 bit and an average data rate of 3 Mbps for the UM channel, 7000s = 117h, which would certainly be acceptable.

The option 2 combines a part of the flexibility of option 3 with the good reliability also in SHO of option 1.  

2.3.1 Requirements to allow this limitation

To give the scheduler the ability of limiting the number of MAC-d PDUs of the same logical channel running UM, it needs to know this maximum number (which could be 42 as described above, or could even be subject to configuration, or preferably be left to the scheduler to decide based on the current radio conditions derived from the CQI), and it has to know, which logical channels are run in UM. For this, the list of logical channels run in UM would have to be conveyed to the NodeB (as part of NBAP and RNSAP), and also the scheduler would have to read the MAC-d header in order to be able to recognize those MAC-d PDUs, which belong to the logical channels in the available list.

Possible RNSAP and NBAP procedures, which could convey this list as part of the procedure message, could be:

a. Radio Link Setup procedure. (RADIO LINK SETUP REQUEST message (TS 25.433 chapter 9.1.42 and TS 25.423 chapter 9.1.3))

b. Synchronised Radio Link Reconfiguration Preparation procedure (RADIO LINK RECONFIGURATION PREPARE message (TS 25.433 chapter 9.1.42 and TS 25.423 chapter 9.1.11))

Note that since the scheduler is part of MAC-hs, there is no violation of the layering model, since MAC in general deals with logical channels. 

3. What to do in the case of Inter-NodeB cell change?

MAC-d PDUs already stored in the NodeB for transmission via the HS-DSCH are not conveyed to the new NodeB during the cell change procedure, i.e. they are lost after the cell change. For this case, including some information to again synchronise the HFN on UE and network side seems required, if UM is not restricted to low data rates only: The reconfiguration complete message
, which finishes the cell change could be used to carry the HFN (25 bit for UM RLC) to be used for all UM RLC RBs of the considered UE after the cell change.
 This HFN would be computed as the Maximum of all HFNs of UM RLC entities sending data via the HS-DSCH, incremented by 1. It is for further study, whether a re-establishment of the UM RLC entities after the cell change on the UE and SRNC is also required. 

An alternative proposal was already presented on RAN2#28 [4], which proposes to convey a START value (20 bit) as part of the reconfiguration messages, however although 5 bits less were conveyed, this could have the drawback of using the HFN number space inefficiently, since the START value only comprises the 20 most significant bits of all COUNT-C values (i.e. also of COUNT-C values for RBs not mapped to the HS-DSCH, and RBs running in TM, for which the COUNT-C is increasing most quickly, since its least significant bits are formed by the CFN, which is derived from the SFN, and therefore is incremented every radio frame).

4. Proposal

It is proposed to adopt the possibility for Node B to avoid loss of consecutive 128 UM RLC PDUs of the same logical channel by restricting the number of UM RLC PDUs of the same logical channel to be put in MAC-hs PDUs as described in the 3 options in section 2.3. This requires provision of information to the scheduler in NodeB, about which logical channels use UM, i.e. for each MAC-d flow a list of logical channels run in UM. 

Proposed CRs to the affected specifications in RAN2 and RAN3 are given in [5].

For inter NodeB cell change the exchange of HFN values is proposed for adoption as described in section 3. Related CRs could be based on [4] changing the parameter to be conveyed from COUNT-C to HFN. 
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6. Annex: Some Transport blocksizes as given by the formulae in TS 25.321

	Combination i
	Modulation scheme
	Number of channelization codes
	Number of bits if coding rate is 1(Ericsson R2-020765)
	Index
	Transport block size QPSK 1code
	Transport block size QPSK 2code
	...
	Transport block size QPSK 14codes
	Transport block size QPSK 15code
	...
	Transport block size 16QAM 14codes
	Transport block size 16QAM 15codes

	0
	QPSK
	1
	1
	960
	0
	137
	605
	
	4342
	4581
	
	8574
	9210

	1
	
	2
	40
	1920
	1
	149
	616
	
	4420
	4664
	
	8729
	9377

	2
	
	3
	63
	2880
	2
	161
	627
	
	4500
	4748
	
	8886
	9546

	3
	
	4
	79
	3840
	3
	173
	639
	
	4581
	4834
	
	9047
	9719

	4
	
	5
	92
	4800
	4
	185
	650
	
	4664
	4921
	
	9210
	9894

	5
	
	6
	102
	5760
	5
	197
	662
	
	4748
	5010
	
	9377
	10073

	6
	
	7
	111
	6720
	6
	209
	674
	
	4834
	5101
	
	9546
	10255

	7
	
	8
	118
	7680
	7
	221
	686
	
	4921
	5193
	
	9719
	10440

	8
	
	9
	125
	8640
	8
	233
	699
	
	5010
	5287
	
	9894
	10629

	9
	
	10
	131
	9600
	9
	245
	711
	
	5101
	5382
	
	10073
	10821

	10
	
	11
	136
	10560
	10
	257
	724
	
	5193
	5480
	
	10255
	11017

	11
	
	12
	141
	11520
	11
	269
	737
	
	5287
	5579
	
	10440
	11216

	12
	
	13
	145
	12480
	12
	281
	751
	
	5382
	5680
	
	10629
	11418

	13
	
	14
	150
	13440
	13
	293
	764
	
	5480
	5782
	
	10821
	11625

	14
	
	15
	153
	14400
	14
	305
	778
	
	5579
	5887
	
	11017
	11835

	15
	16QAM
	1
	40
	1920
	15
	317
	792
	
	5680
	5993
	
	11216
	12048

	16
	
	2
	79
	3840
	16
	329
	806
	
	5782
	6101
	
	11418
	12266

	17
	
	3
	102
	5760
	17
	341
	821
	
	5887
	6211
	
	11625
	12488

	18
	
	4
	118
	7680
	18
	353
	836
	
	5993
	6324
	
	11835
	12713

	19
	
	5
	131
	9600
	19
	365
	851
	
	6101
	6438
	
	12048
	12943

	20
	
	6
	141
	11520
	20
	377
	866
	
	6211
	6554
	
	12266
	13177

	21
	
	7
	150
	13440
	21
	389
	882
	
	6324
	6673
	
	12488
	13415

	22
	
	8
	157
	15360
	22
	401
	898
	
	6438
	6793
	
	12713
	13657

	23
	
	9
	164
	17280
	23
	413
	914
	
	6554
	6916
	
	12943
	13904

	24
	
	10
	169
	19200
	24
	425
	931
	
	6673
	7041
	
	13177
	14155

	25
	
	11
	175
	21120
	25
	437
	947
	
	6793
	7168
	
	13415
	14411

	26
	
	12
	180
	23040
	26
	449
	964
	
	6916
	7298
	
	13657
	14671

	27
	
	13
	184
	24960
	27
	461
	982
	
	7041
	7430
	
	13904
	14936

	28
	
	14
	188
	26880
	28
	473
	1000
	
	7168
	7564
	
	14155
	15206

	29
	
	15
	192
	28800
	29
	485
	1018
	
	7298
	7700
	
	14411
	15481

	
	
	
	
	
	30
	497
	1036
	
	7430
	7840
	
	14671
	15761

	
	
	
	
	
	31
	509
	1055
	
	7564
	7981
	
	14936
	16045

	
	
	
	
	
	32
	521
	1074
	
	7700
	8125
	
	15206
	16335

	
	
	
	
	
	33
	533
	1093
	
	7840
	8272
	
	15481
	16630

	
	
	
	
	
	34
	545
	1113
	
	7981
	8422
	
	15761
	16931

	
	
	
	
	
	35
	557
	1133
	
	8125
	8574
	
	16045
	17237

	
	
	
	
	
	36
	569
	1154
	
	8272
	8729
	
	16335
	17548

	
	
	
	
	
	37
	581
	1175
	
	8422
	8886
	
	16630
	17865

	
	
	
	
	
	38
	593
	1196
	
	8574
	9047
	
	16931
	18188

	
	
	
	
	
	39
	605
	1217
	
	8729
	9210
	
	17237
	18517

	
	
	
	
	
	40
	616
	1239
	
	8886
	9377
	
	17548
	18851

	
	
	
	
	
	41
	627
	1262
	
	9047
	9546
	
	17865
	19192

	
	
	
	
	
	42
	639
	1285
	
	9210
	9719
	
	18188
	19538

	
	
	
	
	
	43
	650
	1308
	
	9377
	9894
	
	18517
	19891

	
	
	
	
	
	44
	662
	1331
	
	9546
	10073
	
	18851
	20251

	
	
	
	
	
	45
	674
	1356
	
	9719
	10255
	
	19192
	20617

	
	
	
	
	
	46
	686
	1380
	
	9894
	10440
	
	19538
	20989

	
	
	
	
	
	47
	699
	1405
	
	10073
	10629
	
	19891
	21368

	
	
	
	
	
	48
	711
	1430
	
	10255
	10821
	
	20251
	21754

	
	
	
	
	
	49
	724
	1456
	
	10440
	11017
	
	20617
	22147

	
	
	
	
	
	50
	737
	1483
	
	10629
	11216
	
	20989
	22548

	
	
	
	
	
	51
	751
	1509
	
	10821
	11418
	
	21368
	22955

	
	
	
	
	
	52
	764
	1537
	
	11017
	11625
	
	21754
	23370

	
	
	
	
	
	53
	778
	1564
	
	11216
	11835
	
	22147
	23792

	
	
	
	
	
	54
	792
	1593
	
	11418
	12048
	
	22548
	24222

	
	
	
	
	
	55
	806
	1621
	
	11625
	12266
	
	22955
	24659

	
	
	
	
	
	56
	821
	1651
	
	11835
	12488
	
	23370
	25105

	
	
	
	
	
	57
	836
	1681
	
	12048
	12713
	
	23792
	25558

	
	
	
	
	
	58
	851
	1711
	
	12266
	12943
	
	24222
	26020

	
	
	
	
	
	59
	866
	1742
	
	12488
	13177
	
	24659
	26490

	
	
	
	
	
	60
	882
	1773
	
	12713
	13415
	
	25105
	26969

	
	
	
	
	
	61
	898
	1805
	
	12943
	13657
	
	25558
	27456

	
	
	
	
	
	62
	914
	1838
	
	13177
	13904
	
	26020
	27952

	
	
	
	
	
	63
	931
	1871
	
	13415
	14155
	
	26490
	28457


� 2ms transmission time interval of the HS-DSCH in contrast to the usual TTI of 10ms.


� (as well as the size of the MAC-d PDU, that carries this RLC PDU from MAC-d on SRNC to MAC-hs on NodeB)


� For a selection of the possible transport block sizes see the table in the Appendix of this document.


� = 22548/28800


� = 533/960


� = 605/1920


� PHYSICAL CHANNEL RECONFIGURATION COMPLETE, TRANSPORT CHANNEL RECONFIGURATION COMPLETE, RADIO BEARER RECONFIGURATION COMPLETE, RADIO BEARER SETUP COMPLETE or RADIO BEARER RELEASE COMPLETE.


� This would then be similar to what is done during the AM RLC RESET procedure: HFNs are exchanged between sender and receiver.






Page 5

