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1 Introduction

In RAN1#86bis, it has been agreed that per-carrier and cross-carrier transport block (TB) mapping should be studied for NR carrier aggregation. In this contribution, the mapping of TBs and the related control channel signaling are discussed.
2 Discussions
The alternatives of TB mapping and corresponding HARQ on aggregated carriers includes [1]:
· Alternative 1: one TB and HARQ entity per component carrier

· Alternative 2: multiple TBs and HARQ entities for overall aggregated component carriers
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Figure 1.  (a) per-carrier and (b) cross-carrier TB mapping

The two alternatives are shown in Figure 1 for an example scenario of two component carriers. Within the above mentioned alternatives, alternatives 1 has been agreed in RAN1 #55 and #55bis meetings, where the merits of such the alternative are listed as follows.

· Allow for efficient link adaptation, e.g., MCS/rank selection, especially for e.g., aggregation of carriers on different frequency band.

· Allow for efficient HARQ operation because retransmissions are only needed on the carriers with transmission mistake while new data can be transmitted on the remaining carriers.
Despite of the comparable larger frequency diversity gain, the main concerns to alternative 2 came from the inefficient link adaptation and HARQ operation when adopting to a wider transmission bandwidth, as well as the lack of specification reusability. Nevertheless, potential benefits from alternative 2 that meet the requirements of NR should thus be identified.

It has been agreed in RAN1 #85 meeting that NR should support of flexible NW and UE channel bandwidth [2]. In LTE, services with small bandwidth requirement, e.g. MTC and NB-IoT, are supported. To meet different requirements of diverse services, the carrier bandwidth should be flexible enough and relatively smaller bandwidth could be considered, e.g. carrier bandwidth around 1 MHz. In order to farm such a bunch of spectrum bands with each of rather small bandwidth, it would be reasonable to support the second alternative based on the merits as follows.
Firstly, by mapping one TB across all configured component carriers with small bandwidth, the TB size can be maximized as much as possible. This is beneficial from a channel coding point of view since larger TB size could get more channel coding gain. Secondly, alternative 2 would offer a solution with clearly the minimum additional signaling overhead since only the resource allocation field in the DL/UL grants needs to be scaled to address an extended bandwidth. 
Although the non-correlation of channel conditions of each component carrier provides advantage of efficient link adaptation, the performance gain is limited for the scenarios of intra-band contiguous CA in which not very frequency selective fading channel is observed. 
The pros and cons of the two TB mapping schemes are summarized as in Table 1.

Table 1. Pros and cons of two TB mapping schemes

	
	Per-carrier TB mapping
	Cross-carrier TB mapping

	Pros
	· Efficient link adaptation and HARQ operation
	· Larger frequency diversity gain for narrow band
· Potential benefit for channel coding for small TB
· Minimum signaling overhead

	Cons
	· Lack of frequency diversity for narrow band
· Reduced channel coding gain for small TB
	· Inefficient link adaptation and HARQ operation


To this date, we suggest that both per-carrier and cross-carrier TB mapping should be studied in NR.

Proposal: Both per-carrier and cross-carrier TB mapping should be further studied.

3 Conclusions
In this contribution, we discuss the mapping of transport block onto component carriers and the related PDCCH signaling for carrier aggregation in LTE-Advanced. We discussed two alternatives with respect to signaling overhead and performance. Both approaches have its pros and cons, so the following proposal is given.
Proposal: Both per-carrier and cross-carrier TB mapping should be further studied.
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