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1. Introduction

In RAN2#52, a first conclusion on LTE user plane multiplexing was reached as shown in figure 1 below.

[image: image1.wmf] 

PDCP

CID

ciphering

Outer

ARQ

RLC

Mux

4

L1 

Mux

of

HARQ 

Process

in // 

for 

same

UE

=> Multiple TB in //

Mux

3

Multiple ARQ 

flow

in 

same

HARQ 

process

Mux

4: TBD, to 

be

finalised

with

RAN1 

•

No MUX: 1TB 

per

TrCH

/

one

TrCH

•

MUX: multiple 

TrCH

•

Possible MIMO 

dependancy

QoS1 RAB 1

«

TFT 

»

Mux

1?

IP 

flows

IP 

flows

?

USER PLANE 

decision

Mux

1: TBD, to 

be

finalised

with

SA2 


Figure 1: User plane multiplexing in LTE

Mux 1 and 2 are of no direct concern to RAN1. Therefore this contribution will focus on the expected need for Mux 3 and 4.

2. Need for Mux 3
2.1. What is Mux 3?

Mux 3 concerns multiplexing of multiple ARQ flows in the same HARQ process. Since in LTE, different ARQ flows will typically concern different QOS, supporting a “complete” mux 3 means supporting the possibility to multiplex data with different QOS requirements in one HARQ process.

2.2. UMTS

Looking at HS-DSCH and E-DCH, the situation in UMTS is different for the DL and the UL:


DL:

· It is possible to multiplex different “ARQ flows” (=logical channel) in one MAC-hs PDU, as long as these ARQ flows are happy to end up in the same re-ordering queue; 
· I.e. if two logical channels have the same scheduling priority and belong to the same MAC-d flow, PDU’s belonging to these logical channels will be multiplexed in the same MAC-hs PDU;

UL:

· It is possible to multiplex different “ARQ flows” (=logical channel) in one MAC-e PDU; 

· It is also possible to multiplex data from ARQ flows which require different QOS requirements. Rules have been specified in TS25.321 on how to set the overall QOS-profile in such a situation;

Table 1 summarises the current situation:

	UMTS
	Multiplexing of ARQ flows with
same QOS supported
	Multiplexing of ARQ flows with
 different QOS supported

	Downlink
	Yes

(limited to same scheduling priority)
	No

	Uplink
	Yes
	Yes


Table 1: UMTS summary for Mux3
2.3. LTE rationale

We assume that the need for Mux3 is mainly dependant on the flexibility required for “filling up” an allocated resource.

Would support of multiplexing ARQ flows with different QOS in LTE bring significant gains? Several arguments can be brought forward:
In favour of allowing multiplexing of different QOS:

a) The impacts of not using a resource in LTE are even more severe than for UMTS. E.g. when a UMTS-UE does not use an allocated resource fully, the ENB will still have some benefit due to the decrease in total interference in the ENB. However when an LTE-UE does not use an allocated resource fully, this resource (subframes/frequency) cannot be used by anybody else and will thus be “lost”. As a result, it would be good to support a large flexibility in resource usage even if this means adapting the QOS.

b) Allowing more multiplexing flexibility in UL than in DL can be motivated: the ENB will have a more accurate view of the DL resource need, for which it will buffer the data itself, than of the UL resource need, for which it has to rely on (normally outdated) Scheduling Information received from the UE.
Against multiplexing of different QOS:
a) Support for the multiplexing of different QOS will mean some additional complexity, e.g. in the form of QOS adjustment rules.
b) Due the existence of a shorter TTI, there is more opportunity to use time-multiplexing for transmission with different QOS. This should reduce the need for multiplexing within the same transmission.
One additional aspect to consider is the amount of QOS-adaption that would be required if a lower-priority flow would be sent with the QOS settings of a lower priority flow. This discussion is a bit difficult since we have no really discussed/agreed in what way the “QOS-profile” for 2 different ARQ-flows could be different. Potentially one could think of a lot of differences ( e.g. power offsets, channel coding, TTI’s, different maximum number of HARQ retransmissions). 

However we should take into account that even for background type of traffic, LTE is supposed to realise a high throughput. A high throughput can only be realised if there is a small RTT. Thus if already for background-type of traffic we need to realise small transmission delays, probably the QOS-profile difference with other even more urgent traffic will be quite limited. This should ease the mux3 operation.
It may occur that the Node B allocates certain amount of resource assuming higest QOS transmission but the UE doesn’t have enough highest QOS data to fill out the allocated resource. In that case, the UE may also send lower QOS data to utilize the whole allocated resource. The lower QOS data will automatically get the QOS assumed by the scheduler. So, if we discriminate the maximum number of retransmissions between different QOS, the lower QOS data can have benefit of lower number of retransmissions than expectation.

Proposal 1:
Based on the above, as a first working assumption we propose to have the same approach in LTE as in UMTS in this respect: i.e. do allow the multiplexing of multiple QOS in the UL, and not in the DL.

W.r.t. the question whether multiplexing of different ARQ flows with the same QOS will be beneficial for LTE, it should be noted that most companies seem to assume that there is one ARQ entity per QOS: i.e. it should not be that common to have multiple ARQ entities for the same QOS. Although we are not completely confident yet that this assumption will indeed be correct, let’s for now assume this is correct. 
Proposal 2:
In this case it does not seem relevant to allow multiplexing of ARQ flows with the same QOS in the DL. In the UL this type of multiplexing should come for free since we would already support multiplexing of ARQ flows of different QOS.

Summarising, our proposal is to agree on the following Mux3 functionality:

	LTE
	Multiplexing of ARQ flows with
same QOS supported
	Multiplexing of ARQ flows with
different QOS supported

	Downlink
	No
	No

	Uplink
	Yes
	Yes


Table 2: Proposed LTE Mux 3
3. Need for Mux 4
3.1. What is Mux 4?
Mux 4 concerns multiplexing of different TrCh at the physical layer: different TrCH transmissions would be handled completely separately in parallel. Support for mux4 means that different codewords are generated within one subframe/TTI and that different HARQ processes are working in parallel for the same or for a different TrCH.
3.2. UMTS

Again looking at HS-DSCH & E-DCH, this type of multiplexing is not supported in UMTS: in both HS-DSCH and E-DCH only one HARQ process is transmitting to one UE in a TTI.
3.3. LTE rationale: 
No MIMO
It seems obvious that in this case there does not seem to be any significant benefit to use different HARQ transmissions for one TrCH: using different HARQ transmissions in parallel for 1 TrCH would just increase the control overhead. Therefore we assume that in this case the need for the functionality provided by mux4 is mainly dependant on the need to realise in parallel transmissions related to different QOS. 
Some of the arguments already mentioned in section 2 against using mux3 are also applicable in this case: e.g. due to a shorter TTI, we have more opportunity for time multiplexing in LTE.
In addition due to stringent QOS requirements even for background traffic, QOS differences between different ARQ –flows might be quite limited. As a result it might be sufficient to only have mux3.
Proposal 3:
Based on these considerations we see no need to support Mux4 in case of no MIMO.

MIMO
Then the question becomes whether for MIMO it is essential to support Mux4.
MIMO transmission in general helps achieve high throughput thanks to spatial multiplexing regardless whether a single codeword is demultiplexed into multiple MIMO layers, or multiple codewords with independent CRC, each of which per MIMO layer, are transmitted. Multiple codeword transmission may benefit more from link adaptation in spatial domain, since the coding rate as well as the modulation scheme can be adapted per MIMO layer. 
Cosidering that:

a) If a UE is able to receive multiple codewords in parallel via MIMO operation, there should be no difference from L1 point of view between 
· supporting multiple transport blocks of a single transport channel, each of which is separately channel-coded with independent CRC on each MIMO layer; and
· supporting multiple transport channels, each of which contains one transport bock and is separately channel-coded with independent CRC on each MIMO layer. 
b) Thanks to the rank adaptation, not all MIMO layers may be used if the UE is in bad channel condition where no MIMO benefit is expected. An extreme case is to use only one MIMO layer. Let’s assume that each MIMO layer carries a TrCH with different QOS. Then, whether to support multiple TrCHs (or QOSs) for a UE in a TTI would be decided in a dynamic manner depending on radio conditions. We think this is not so desirable. 
c) In case of uplink, the simultaneous transmission from multiple antennas requires multiple power amplifiers at UE and hence would be defined as a UE capability. Furthermore, even in case of downlink, MIMO reception would be defined as a UE capability. Then, whether to support multiple TrCHs (or QOSs) for a UE in a TTI would depend on UE capability. We think this is not so desirable.
Proposal 4:
Based on these considerations we propose for MIMO that 
a) only one TrCH is allowed within a TTI;

b) on downlink, multiple transport blocks of a TrCH can be supported if the scheduled UE supports multiple codewords reception via MIMO.
c) on uplink, if the UE and the Node B support multiple codewords transmission and reception, respectively, multiple transport blocks of a TrCH can be supported.

4. Proposal
It is proposed to discuss proposals 1,2,3 and 4 and see up to what extend they can be agreed by the joint RAN1/2 meeting.






























