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1
Introduction
In RAN1#76bis, RAN1 discussed whether it is beneficial for the eNB to know about Cat-0 UE with 1 Rx antenna during RAR and/or Paging. In this contribution, we further analyze this issue and also provide some illustrative performance analysis. 
2
Paging/RAR Link Performance
Link-level performance of the common channels (SIB/Paging/RAR) for a 10MHz FDD system and low cost MTC UE with 1 Rx antenna were shown in [1]. In the analysis, the system bandwidth was 10MHz. Distributed transmission was used and the CRS was boosted by 3dB. Based on the results, the approximate PDSCH capacity numbers at the cell edge were estimated as – at SINR of -4dB, the PDSCH capacity for common channels (SIB/Paging/RAR) is approximately 2-3 bits per PRB for EPA1 channel and 6-8 bits per PRB for ETU1 channel [1].
[image: image1.emf]-10 -8 -6 -4 -2 0 2 4

10

-3

10

-2

10

-1

10

0

SNR (dB)

FER

PDSCH - 10 MHz, TBS=152 bits, 6 PRBs , 3dB CRS Boost, Distributed Alloc

 

 

ETU1 - 1Rx

EPA1 - 1Rx

ETU1 - 2Rx

EPA1 - 2Rx


Figure 1. Paging/RAR performance (FDD) – 1 Rx vs 2 Rx.

Figure 1 shows the performance difference between 1Rx and 2Rx antennas. From the figure, it can be seen that at the 1% FER point there is a loss of approximately 4-5dB with 1Rx antenna. This means that the PDSCH capacity for Paging/RAR would be approximately 2.5-3.2 times greater for UE with 2Rx than with 1Rx. For example, with EPA1 channel, up to 8 bits may be transmitted per PRB when the UE has 2Rx compared to 2-3 bits per PRB with 1Rx antenna.
3
System Benefits
From a link-level perspective, there is clearly a benefit for the eNB to know about the number Rx antennas at the UE. Otherwise, the eNB would have to assume during RAR/Paging that all UEs have 1 Rx antenna and select a very low default coding rate. This will decrease RAR/Paging capacity and therefore increase the overhead from RAR/Paging. At a system level, though, the actual benefit with respect to overhead depends on the random access and paging loads as well as the percentage of Cat-0 UEs. Table 1-Table 2 provide the approximate RAR overhead (defined as the number of PRBs required for RAR divided by the total number of available PRBs) for a 10MHz FDD system. If the eNB has no knowledge of Cat-0 UE with 1Rx, it assumes that all UEs are Cat-0 UE when transmitting the RAR. Simulation assumptions are provided in Table 4.
From Table 1, it is seen that there is no meaningful reduction in RAR overhead (i.e. at least 2-3% reduction) until the RACH load is at least 200,000 attempts per hour. This is true even if only a small fraction of the UEs in the cell is Cat-0 UE. For cells with a large number of Cat-0 UEs (e.g. 90%), there is no meaningful reduction in RAR overhead until the RACH load is at least 500,000 attempts per hour. Note that these results are shown for EPA1 channel, which has very low capacity and thus high overhead. 
Table 1. Approximate RAR overhead for 10MHz FDD system, EPA1. 
	RACH Load (attempts/hr)
	RAR Overhead

	
	eNB has no knowledge of Cat-0 UE with 1Rx
	eNB has knowledge of Cat-0 UE with 1Rx

	
	
	90% of UEs are Cat-0 UE with 1 Rx
	50% of UEs are Cat-0 UE with 1 Rx
	10% of UEs are Cat-0 UE with 1 Rx

	10,000
	0.24%
	0.21%
	0.14%
	0.10%

	50,000
	1.22%
	1.06%
	0.70%
	0.52%

	200,000
	4.89%
	4.25%
	2.79%
	2.08%

	500,000
	12.22%
	10.63%
	6.98%
	5.20%

	1,000,000
	24.44%
	21.26%
	13.97%
	10.40%


Table 2 shows results with ETU1 channel. In this case, there is no meaningful reduction in RAR overhead until at least 1,000,000 attempts per hour.
Table 2. Approximate RAR overhead for 10MHz FDD system, ETU1. 
	RACH Load (attempts/hr)
	RAR Overhead

	
	eNB has no knowledge of Cat-0 UE with 1Rx
	eNB has knowledge of Cat-0 UE with 1Rx

	
	
	90% of UEs are Cat-0 UE with 1 Rx
	50% of UEs are Cat-0 UE with 1 Rx
	10% of UEs are Cat-0 UE with 1 Rx

	10,000
	0.07%
	0.06%
	0.04%
	0.03%

	50,000
	0.37%
	0.32%
	0.21%
	0.16%

	200,000
	1.48%
	1.29%
	0.85%
	0.63%

	500,000
	3.70%
	3.22%
	2.12%
	1.58%

	1,000,000
	7.41%
	6.44%
	4.23%
	3.15%


In practice, it is highly unlikely that the RACH load will be extremely high in a typical cell even with the introduction of a large number of MTC UEs in the cell. For example, according to 37.868 [3], the fleet management services configure the taxi to report the location with the interval of tens of seconds (e.g. 10-15s). The RACH intensity generated by taxis with fleet management services is around 252,000 attempts/hour even in the cell of Beijing Capital International Airport. For other MTC use cases (e.g. sensors), the RACH load is much lower, that means there is no significant DL capacity improvement even eNB schedules MAC RAR PDU for the low cost MTC UE separately. Therefore, the reduced overhead of PDSCH for MAC RAR PDU transmission might be negligible considering the practical RACH traffic generated by the MTC devices..The RAR MAC PDU is addressed to a RA-RNTI derived from the subframe index of the associated RACH opportunity. The UE selects a random preamble during a given RACH opportunity and will look for the corresponding RA-RNTI on the PDCCH indicating a MAC RAR PDU during the associated RA Response Window. The RAR MAC PDU includes one or more RAR payload elements, each of which contains a response to a particular random access preamble detected by the eNB. The results from Table 1, however, do not take into account simultaneous random access attempts. If a large number of UEs try to access the system at the same time, then the eNB’s capacity to serve them simultaneously may be reduced if the eNB must assume that all UEs are Cat-0 UE. However, if we consider RACH load of 100,000 attempts per hour and PRACH every 10ms, then the average load is 0.3 attempt per PRACH. From [2], the eNB’s RAR capacity using 25 PRBs is between 1-5 messages even for EPA1 channel. This is significantly higher than the average number of attempts per PRACH. In addition, if the eNB cannot send all the RAR messages, UEs that have been left out will simply try again at the next opportunity.  Furthermore, if the RACH load in some cells are very high, then more PRACH opportunies (e.g. once every 2ms) can be configured which will spread out the required number of RAR messages per PRACH. Therefore, we do not expect any noticeable performance degradation.
Analysis of paging overhead is done in a similar manner. Table 3 provides the approximate paging overhead for a 10MHz FDD system and EPA1 channel. Again, if the eNB has no knowledge of Cat-0 UE with 1Rx, it assumes that all UEs are Cat-0 UE when transmitting paging messages.
Table 3. Approximate paging overhead for 10MHz FDD system, EPA1. 
	Paging Load (pages/hr)
	Paging Overhead

	
	eNB has no knowledge of Cat-0 UE with 1Rx
	eNB has knowledge of Cat-0 UE with 1Rx

	
	
	90% of UEs are Cat-0 UE with 1 Rx
	50% of UEs are Cat-0 UE with 1 Rx
	10% of UEs are Cat-0 UE with 1 Rx

	200,000
	4.44%
	3.86%
	2.54%
	1.89%

	500,000
	11.11%
	9.66%
	6.35%
	4.73%


From the results, it is seen that there is no meaningful reduction in paging overhead until the paging load is at least 200,000 pages per hour (or about 56 pages per second). 
Observation: There is no meaningful reduction in RAR/Paging overhead when the eNB has knowledge of Cat-0 UE with 1 Rx antenna considering practical RACH/Paging intensity.
4
Conclusions
In this contribution, we consider the benefits of the eNB knowing about Cat-0 UE with 1 Rx antenna during RAR and/or Paging. Our analysis shows that there is no meaningful reduction in RAR/Paging overhead considering practical RACH/Paging intensity when the eNB has knowledge of Cat-0 UE with 1 Rx antenna. Therefore, separate indication in addition to UE category signalling is not needed.
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Table 4. Simulation assumptions.
	Parameter
	Value

	System BW
	10 MHz FDD

	Antenna Configuration
	2Tx-2Rx, 2Tx-1Rx

	Channel
	EPA1, ETU1

	Message size
	RAR – 64 bits + 24-bit CRC

E/T/RAPID MAC subheader (1 byte) + E/T/R/R/BI MAC subheader (1 byte) + RAR (6 bytes)
Paging – 56 bits + 24-bit CRC
One paging record

	PDSCH Capacity at 1% FER
	EPA1:

2 bits/PRB for 1Rx, 5 bits/PRB for 2 Rx

ETU1:

6 bits/PRB for 1Rx, 15 bits/PRB for 2 Rx


