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1
Introduction

Currently it is open whether more than one SU can be transmitted in a TTI or not. RAN2 previously sent LS to RAN1 [1] asking several questions related to this open issue. Since RAN1 had replied in [1], this contribution intends to review the related issues and propose a way forward on this open issue.
2
Discussion
2.1 On the need of multiple SU transmission in a sub-frame

The benefits of having the ability of transmitting more than one SU per TTI is the shorter reception time for UE and therefore longer stand-by time. When considering the concatenation of multiple SU in a single sub-frame, the following two cases could be considered
· concatenation of multiple SU

· concatenation of multiple SU segments

Firstly, it is not the stage for us to predict the detail contents of scheduling unit yet, but it is certain that the first scenario will be less popular scenario due to the limitation of L1 capacity of BCCH. Rather, it would be more popular case where two SU segments are concatenated into a single sub-frame (i.e. the last segment of first SU and the first segment of the second SU).

The concatenation would help the UE battery life if two SU are both in small size. For example, if two SU are equally 50 bytes long and the system wants to transmit them as short duration as possible, 3 consecutive sub-frames would be needed where the first sub-frame contains the first segment of first SU and the second sub-frame contains the second segment of first SU and the first segment of second SU and so on. Without concatenation, 4 sub-frames would have been needed and hence 1 sub-frame worth of UE wake up time saving is achieved by the concatenation.

On the other hand, if the size of one of SU becomes larger so that a large number of segmentation is needed anyway, the merit of concatenation in terms of shorter UE wake up period would diminish. For example if the first SU is 50 bytes long and the second SU is 230 bytes long, it is now 7 sub-frames versus 8 sub-frames. As the size of SU grows, the merit of concatenation would naturally decrease.  

After all we can see that more limiting factor for UE battery consumption would be other system factors such as SU repetition cycle, the number of segments per SU and how the multiple SU are scheduled, etc. Whether we allow concatenation of multiple SU or not would be one of these affecting factors but it may not be the most critical factor as explained above. 
Proposal 1: We suggest RAN2 to study and clarify further the real need for this multiple SU transmission in a sub-frame. If the quantified benefit of this optimization is less significant, we propose to delay this topic at later stage.

	System bandwidth
	Modulation and Coding
	L1 capacity

	1.25 MHz
	QPSK CR=1/3
	40 bits

	5 MHz
	QPSK CR=1/3
	160 bits or more


	10 MHz
	QPSK CR=1/3
	320 bits or more

	20 MHz
	QPSK CR=1/3
	640 bits or more


Table 1: the number of supportable BCCH L2 bits per sub-frame [3]
	SU size in bytes
	BCCH bandwidth bytes/TTI
	Number of segment

	50
	40
	1.25

	100
	40
	2.5

	200
	40
	5

	500
	40
	12.5

	1000
	40
	25


Table 2: the number of segments for various SU sizes

2.2 Multiplexing Options

When considering the multiplexing option of multiple SU in a sub-frame, the following three alternatives can be considered

· Transmit each SU as separate MAC PDU

· Transmit each SU as separate RLC PDU but a same MAC PDU

· Transmit SUs as same RLC PDU 

RAN1 LS [2] clearly indicates the negative RAN1 opinion on the first alternative. Although this alternative would have been the simplest alternative, RAN2 should consider other alternatives as listed above. The second and third alternatives are illustrated in the Figure 1 below. 
The second alternative is basically mapping each SU into a separate RLC PDU and then multiple SU are multiplexed into a single MAC PDU and therefore this alternative meets the RAN1 recommendation. Note that at this stage it is open whether RLC TM or RLC UM would be for BCCH transmission. If RLC TM is used, then there should be a special handling in order to indicate the MAC layer to concatenate certain number of RLC PDU into the MAC PDU. Current agreed MAC allows sufficient multiplexing and de-multiplexing functionality for this purpose. Similarly RLC UM can be also considered but we believe selection of RLC UM and RLC TM for BCCH should not depend on this SU multiplexing issue.  

The third alternative is basically handing of concatenation mainly by the RRC layer. And therefore there will be only one RLC PDU and MAC PDU which also satisfy the RAN1 recommendation. The concatenation at RRC layer necessitates the need of further RRC layer header field to indicate whether the RRC message is concatenated message or not. Further, for each concatenated SU the header field to support the multiplexing would be required (somewhat similar to MAC header structure). Then concern is that this would increase the overhead for non-concatenated SU which would be much more typically and frequently used. Also the original concept of scheduling unit seems becoming less suitable if we perform the concatenation at RRC layer so that multiple scheduling unit is scheduled in a same sub-frame (note that this could be just a modelling issue)
Proposal 2: based on the first analysis, we propose to RAN2 the second alternative as simpler and efficient option for multiple SU transmission in a sub-frame

[image: image1]
Figure 1: Multiplexing alternative for multiple SU transmission in a sub-frame
4
Conclusions

In this contribution, we reviewed the issue of multiple SU transmission in a same sub-frame. There is RAN1 reply LS giving RAN1’s view on the difficulty of transmitting more than one transport block per TTI and we discussed the alternatives to allow multiple SU transmission in the same sub-frame. 
Proposal 1: We suggest RAN2 to study and clarify further the real need for this multiple SU transmission in a sub-frame. If the quantified benefit of this optimization is less significant, we propose to delay this topic at later stage.

Proposal 2: based on the first analysis, we propose to RAN2 the second alternative as simpler and efficient option for multiple SU transmission in a sub-frame
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� Due to frequency diversity gain and coding gain of bigger MAC PDU size, the number of supportable bits would slightly increase than this simple estimation.





