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1 Introduction

At RAN2-68bis the following has been agreed [1]:

	Agreements

1) The combination of CA and UL bundling cannot be configured for a UE


While this decision is obvious for UL CA it is less obvious for DL CA. A power limited terminal operating with UL subframe bundling would not operate with UL CA since its transmission power is already limited when operating with a single UL component carrier.  However, this argumentation does not apply for DL. This contribution analyzes if DL CA together with UL subframe bundling is a reasonable combination.

2 Discussion

UL subframe bundling is typically used to increase coverage of UL traffic requiring low latency. A typical example is VoIP. Another example is TCP where low latencies are essential to obtain high TCP throughputs.

In the following we analyze maximum UL data rates if UL subframe bundling is configured. Assuming this data rate for TCP feedback we calculate which DL data rates would be supported assuming the complete UL would be used for higher layer TCP acknowledgement. Then we compare this data rate with cell-edge DL data rates of a single DL component carrier to compare if either DL or UL data rates are limiting.

2.1 UL Date Rates with UL Subframe Bundling

If UL subframe bundling is configured the modulation scheme is limited to QPSK and the bandwidth is limited to three resource blocks. Even though the maximum transport block size with UL subframe bundling is not limited to QPSK entries in Table 7.1.7.2.1-1 of [2] we restrict ourselves to the largest QPSK entry which is in the order of 500 bits. The code rate is then around ¼ after transmission of one complete bundle of subframes (each transport block is transmitted in four consecutive subframes). Using 16QAM transport block sizes of Table 7.1.7.2.1-1 would lead to code rates larger than one per subframe.

The maximum UL data rate is then 500 bit/subframe x 1000/4 subframe/s = 0.12 Mb/s. This number is independent of the channel bandwidth since with UL subframe bundling the bandwidth is limited to three resource blocks. Assuming that in UL around 1 to 2 % of the DL data rate is required to obtain full TCP throughput the maximum DL data rate that can be obtained with an UL data rate of 0.12 Mb/s is between 6 and 12 Mb/s. TCP/IP packets are typically (Ethernet) 1500 Byte large and the TCP receiver sends one TCP ACK of 40 Byte for every second packet. Consequently, the TCP ACKs consume (40 / (2 * 1500)) = 1.33% of the downlink data rate. In HS and LTE the TCP Packet size is typically a bit smaller (~1300 Byte due to GTP header overhead in the Core Network) which leads then to ~1.5%.

2.2 DL Cell-Edge Date Rates

Table 1 shows DL cell-edge data rates that can be obtained with a single DL component carrier assuming an SINR of -4 and -6 dB, respectively. These numbers are calculated according to
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with BW the channel bandwidth (it is assumed the whole transmission bandwidth is scheduled to a single terminal). The factor 0.9 reflects 90 % bandwidth utilization in LTE. The two 0.8 factors reflect that LTE operates approximately at 80 % of Shannon’s limit and an overhead of 20 %.

Table 1: Cell-edge data rates for various channel bandwidths. 

	Channel bandwidth
BW in MHz
	Data-rate in Mb/s

	
	SINR = -4 dB
	SINR = -6 dB

	5
	1.4
	0.9

	10
	2.8
	1.9

	20
	5.6
	3.7


It can be seen that even for 20 MHz channel bandwidth the DL data rates are below 6 to 12 Mb/s which would be possible based on the available UL feedback data rate. For lower channel bandwidth this imbalance is even larger. It makes therefore sense to support DL CA together with UL subframe to reduce this imbalance. This is especially important for channel bandwidth less than 20 MHz and one should keep in mind that exactly this scenario – usage of fragmented spectrum – is an important application area of carrier aggregation. 

Proposal 1: Enable the combination of DL CA and UL subframe bundling.

3 Conclusion
In this paper we investigated the combination of DL CA together with UL subframe bundling. Based on our analysis we propose:

Proposal 1: Enable the combination of DL CA and UL subframe bundling.

If this proposal is accepted by RAN1 this decision should be liaised to RAN WG2.
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