3GPP TSG RAN WG1 Meeting #58
                                                         

        R1-093294
Shenzhen, China, Aug 24 –Aug 28, 2009
Title: 
Type-II Relay DL/UL Transmission Schemes and Performance Analysis   
Source: 
Research In Motion UK Limited
Agenda Item:
15.3
Document for: 
Discussion and Decision
1. Introduction 
In RAN1#56bis, it was agreed that Type II relay should be studied and the framework is defined as follows [1]:

· Type II relay should not have a separate cell ID and thus would not 
create any new cell(s)

· The type II relay should be able to relay also to/from Release 8 UEs  

· At least a Release 8 UE should not be aware of the presence of a 
type II relay

· Transparency also for Release >8 UEs is preferred
In this paper, we discussed the various basic downlink/uplink transmission schemes regarding the type-II relay. We only consider the DRS is used, i.e., UE only receives the control channel/CRS from the eNB.  
2. DL Transmission for Type-II Relay 
Two options are envisioned for the DL transmission schemes for the Type-II relay.
2.1. Option 1 – RN assists both the initial transmission and retransmissions  
The following basic procedure is applied in this option (shown in Figure 1):

1) The UE measures the channel based on the CRS or CSI RS and reports the CQI/PMI/RI to the eNB. The UE should be configured to use transmission mode 7. The eNB determines the scheduling information including the scheduled subframe, the allocated RBs, the MCS, precoding information, etc. 
2) The eNB transmits the scheduling information as well as the Transport Block (TB) to the Relay Node (RN) via the Un interface. HARQ transmissions may apply in the Un interface. 
3) The eNB and the RN transmit the TB to the UE simultaneously using transmission mode 7 or other DRS-based transmission modes.  
4) The UE sends ACK/NACK back to the eNB and the RN. 
5) If a NACK is received from the UE, in the case of dynamic scheduling based retransmission, the eNB determines the corresponding retransmissions and notify the RN about scheduling information for the retransmission; in the case of non-adaptive synchronous retransmissions, the eNB does not need to signal the scheduling information to the RN. 
6) The eNB and the RN retransmit the TB to the UE simultaneously. 
7) After UE correctly receives the TB, an ACK is sent back to the eNB and the RN. 
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eNB sends scheduling  information and the  TB(s) for the UE(s) to  the RN during the  k th  sub - frame   eNB & RN send TB(s)  to the UE during the  k + M th sub - frame, i.e  according to the  planned scheduling.    UE sends ACK/  NACK in the  j th  UL  sub - frame. Both RN  and eNB may receive  ACK/ NACK.   eNB & RN re - send  TBS(s) to the UE  according to the  schedule .      eNB sends the  scheduled  retransmission  information to the RN  in advance.  This step  may be skipped  in the  case of non - adaptive  synchronou s  retransmissions.    


Figure 1 Downlink relaying for option 1

2.2. Option 2 – RN only assists the retransmissions  
 The following basic procedure is applied in this case (shown in Figure 2):

1) The UE measures the channel based on the CRS or CSI RS and reports the CQI/PMI/RI to the eNB. The UE should be configured to use transmission mode 7. The eNB determines the scheduling information including the scheduled subframe, the allocated RBs, the MCS, precoding information, etc. 
2) The eNB transmits the initial transmission to the UE. The RN monitors the PDCCH and obtains all the information (allocated RB information, MCS information and the TB).  
3) The UE sends ACK/NACK back to the eNB. The RN monitors the ACK/NACK transmission from the UE.  
4) If a NACK is received from the UE, in the case of dynamic scheduling based retransmission, the eNB determines the corresponding retransmissions and notify the RN about scheduling information for the retransmission; in the case of non-adaptive synchronous retransmissions, the eNB does not need to signal the scheduling information to the RN. 
5) The eNB and the RN retransmit the TB to the UE simultaneously. 
6) After UE correctly receives the TB, an ACK is sent back to the eNB and the RN. 
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eNB sends scheduling  information and the  TB(s)  to  the UE(s)  during the  k th sub - frame . The RN  monitors this  information.   UE sends NACK back  to the eNB .  The Relay  monitors the  ACK / N ACK  transmission from the  UE.      eNB & RN re - send  TBS(s) to the UE  according to the  schedule .  RN assists the  retransmissions from  the eNB.      eNB sends the  scheduled  retransmission  information to the RN  in advance.  This step  may be skipped  in the  case of non - adaptive  synchronous  retransmissions.    


Figure 2 Downlink relaying for option 2

2.3. DL Non-Adaptive Synchronous retransmission
The non-adaptive synchronous retransmission on Uu will reduce the backhaul load (by reducing the messaging exchange between the RN and eNB) and to simplify the cooperative retransmissions for the Type-II relay. However, Rel 8 UE retransmissions in the DL are dynamic-scheduling based, which means both the retransmission timing and the retransmission MCS are dynamically scheduled by the eNB. 

To support the non-adaptive synchronous retransmissions for Rel-8 UEs from the Type-II relay, the following simple method may apply. When the eNB determines a particular RN is associated with one or multiple UEs, it enables the non-adaptive synchronous retransmission in the corresponding RNs. Note that, the Redundancy Version should be pre-configured to be used in the DL (for example, 0,2,1,3,0,2,1,3…) in the non-adaptive synchronous HARQ transmission for both the RN and the eNB. The eNB still uses the PDCCH signalling to notify the UE about the retransmission information (as in Rel 8), but the resource allocation information and other scheduling information such as the MCS information contained in the PDCCH signalling are the same as the initial transmission. The RV is the same pre-configured value as expected by the RNs (for example, 0,2,1,3,0,2,1,3…). In this way, the non-adaptive synchronous retransmission for the RNs can be simply supported.      

3. UL Transmission for Type-II Relay 
Since the non-adaptive synchronous uplink transmission is used in the LTE, the following basic procedure is applied for the UL transmission. 
1) The UE has uplink data to transmit and a SR is indicated to the eNB. The SR may also be relayed by the RN to eNB.  The eNB receives the BSR/PHR and determines the uplink transmission resource and the Layer 1 parameters such as modulation and coding information, etc.

2) The eNB informs the UE about the scheduling grant via the PDCCH DCI format 0. The RN detects that as well by the similar blind decoding procedure as the R8 UE. Hence the relay is aware of when/where/how to receive the uplink initial transmission from the UE. This could also be done by the explicit signalling from the eNB to the RN. 

3) The UE performs the uplink transmission, and both the eNB and the RN receive the uplink transmission. 
4) On the possible relaying the initial uplink transmission, the following options are envisioned. 

In option #1, the RN relays the received uplink transmission to the eNB in a very short turn around time. This should be done in the next several subframes over the Un interface since the eNB needs to send ACK/NACK to the UE 4ms after the UE performs the uplink transmission. 

Option #2 that may result in more efficient resource usage would be to pre-configure a very small amount of UL resources on the Un interface.  The RN would use these resources simply to send an ACK/NACK indication to the eNB indicating whether or not the RN was able to successfully decode the UL transmission from the UE.  The following situations could then be possible:

a)    The eNB was able to successfully decode the UE’s UL transmission.  The eNB signals an ACK on the PHICH and ignores the forwarded ACK/NACK information from the RN (i.e. it does not matter whether the RN was able to successfully decode the UE’s UL transmission or not).  

b) The eNB was unable to decode the UE’s UL transmission, but the RN successfully decoded the transmission and forwarded an ACK to the eNB.  The eNB signals an ACK to the UE on the PHICH, and the RN forwards the data from the UE’s UL transmission to the eNB when the RN is instructed to do so by the eNB.

c) Both the eNB and RN were unable to decode the UE’s UL transmission.  The RN forwarded a NACK to the eNB.  The eNB signals a NACK to the UE on the PHICH if the eNB wishes to schedule a non-adaptive retransmission or else signals an ACK to the UE on the PHICH if the eNB wishes to schedule an adaptive retransmission at a later time.

If there is insufficient time to perform the above signalling, the eNB could always signal an ACK to the UE, regardless of whether the eNB and/or RN was able to successfully decode the UE’s UL transmission.  Any UL HARQ retransmissions that are required would then be performed adaptively.

In option #3, the RN may relay the received uplink transmission to the eNB anytime unless the ACK is detected over the PHICH. This may help to reduce the number of required uplink retransmissions, since the RN may keep transmitting to the eNB the received uplink transmissions whenever it gets a chance. Consider the better link quality of the Un interface, this will reduce the UE’s battery power consumption. 
6)   The eNB sends back the ACK/NACK to the UE. The RN monitors the PHICH and is aware of the status.   

7) In case of a NACK, the UE and the RN may perform the uplink retransmission simultaneously to the eNB. 

8) After eNB receives the data correctly, an ACK is transmitted over the PHICH to the UE. The relay can detect the ACK and does not perform a non-adaptive retransmission. 

Note that in the above scheme, it is possible that multiple RNs may be involved in the uplink coordinated retransmissions. A simple example is shown in Figure 3.


[image: image3.emf] 

Initial  transmiss ion of  data from the UE  is received by RN  and probably also  by the eNB   eNB sends  ACK/  N ACK  to the RN  and the UE    In case of NACK,  both the RN and  UE transmit the  data to the eNB  synchronously     RN  retransmits  the data received  from the UE  or an  ACK/NACK  indication  to the  eNB.     UL grant info for  the UE is sent to  the  UE.  The RN  monitors the  information.     


Figure 3 Uplink relaying

4. Initial Performance Evaluations 

Table 1 in Appendix lists the simulation parameters. A network of 57 sectors is simulated. Each sector has two relay nodes which are placed at a distance of 2/3 cell radius from the eNB, as shown in Figure 5. 
4.1. Downlink
In this section, we show the SINR performance for Option 1 and 2 of Type II DL transmission described in Section 2. The SINR performance of PDSCH is considered in the simulation. We assume that PDCCH and CRS are from eNB only and can reach cell-edge users. We assume perfect link between eNB and RN. The following criteria are used to associate UE to eNB and RN:

1. If signal strength from eNB - the signal strength from RN > XdB, UE will be served by eNB. 

2. Otherwise UE will be served by both eNB and RN via cooperative transmission. 

We used X=5dB in simulation. The SINR of cooperative transmission is calculated as the sum of signal powers from eNB and RN divided by the interference. In simulation, we assume no resource reuse among eNB and RNs within the same sector. That is, if eNB allocates a RB to an eNB-served UE, RN will not transmit anything on this RB. For Option 2 in which RN only helps on the retransmissions, the SINR is calculated as log2(1+SINR_option2) = {log2(1+SINR_1stTx)+log2(1+SINR_2ndTx)}/2 assuming one retransmission. If more retransmissions are involved, more SINR gain could be seen for Option 2.
Figure 4 compares the SINR performance with relay and without relay for all UEs as well as for RN-served UEs in Case 3. For RN-served UEs, with relay there are about 9dB and 6dB improvements for option 1 and 2, respectively. There are 81% UEs served by eNB only and 19% UEs by eNB-RN cooperative transmission. It is observed that without interference coordination introducing relay nodes may decrease cell-edge user SINRs. This is caused by two cases:
1. Due to the absence of CRS from RN, a UE chooses its serving sector based on the CRS from eNB. It is possible that a cell-edge user is in the geographical area of Cell A and due to shadowing Cell B becomes its serving cell (as shown in Figure 5). In this case the user could see strong interference from the relay node in Cell A.
2. Due to the better propagation between eNB and UE, higher eNB transmit power, and larger eNB antenna gain, a cell-edge UE may see stronger signal strength from eNB compared to the signal strength from RN. In this case the cell-edge user is served by eNB only and could see interference from RNs in neighbouring sectors.

In order not to degrade cell-edge user SINRs, interference coordination among neighbouring sectors is needed. Our simulation results show that the SINR degradation could be eliminated if the interferences from RNs in the neighbouring sectors are avoided.
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Figure 4  SINR performance of Option 1 and 2 of Type II DL transmission, Case 3 of ISD 1.732km
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Figure 5 mobile locations with the centre sector as the serving cell
The above SINR results represent limited aspects of DL Type II relay performance. The better SINR of Option 1 is obtained at the expense of resource overhead on eNB-RN link for eNB to transmit data block to RN in advance.  
4.2. Uplink
In this section, we show the SINR performance for Type II UL transmission described in Section 3. The SINR performance of PUSCH is considered in the simulation. The following criteria are used to associate UE to eNB and RN:
· If coupling loss of UE-eNB < coupling loss of UE-RN, UE needs help from RN

· Otherwise, UE is served by eNB

Open loop power control is used to set the transmit powers per RB for UE and RN. We assumed P0=-126dBm and alpha=1 (no fractional power control). If UE is served by eNB, UE transmit power per RB is min(P0 - coupling loss of UE-eNB, UE maximum power). If UE is served by RN, UE transmit power per RB is min(P0 - coupling loss of UE-RN, UE maximum power). RN transmit power per RB is min(P0 - coupling loss of RN-eNB, RN maximum power).
Monte Carlo simulation is used to exam the UE UL SINR. UEs are uniformly dropped in the 57 sectors and each UE finds the serving sector based on the DL signal strengths from eNBs. A UE from the centre sector is randomly picked and considered as the desired UE. We then randomly pick 56 interfering UEs, one from each sector. The SINR for initial transmission is calculated. If the desired UE is served by eNB, the SINR at eNB is calculated. If the desired UE is served by RN, the SINR at RN is calculated. The performance of RN-served UE is primarily determined by the SINR seen by RN if we assume perfect link between eNB and RN.
The following two schemes of UL transmission described in Section 3 are considered in the simulation:

1. UE participate both initial transmission and retransmissions: UE performs the initial transmission; if eNB does not decode the packet and RN decodes successfully, both UE and RN will transmit in the 2nd transmission. 

2. UE participate initial transmission only: UE performs the initial transmission; if eNB does not decode the packet and RN decodes successfully, only RN will transmit in the 2nd transmission.

The interference is modelled differently for Scheme 1 and 2. In Scheme 1, if the interferer is served by RN, we assume 50% chance only UE to transmit (in the 1st transmission) and 50% chance both UE and RN to transmit (in the 2nd transmission). For Scheme 2, if the interferer is served by RN, we assume 50% chance UE to transmit (in the 1st transmission) and 50% chance RN to transmit (in the 2nd transmission). Scheme 2 generates less interference compared to Scheme 1.
Figure 6 to Figure 8 show the performance for Scheme 1. Figure 6 compares the SINR performance with and without relay for Case 3. With relay there is about 3dB improvement in median SINR value. This is due to the low interference level in the system as UE lowers the transmit power if it talks to RN. There are 63% UEs served by eNB and 37% UEs need help from RN. 
From Figure 6, we also observe that with relay some UEs experience SINR loss. This is due to the fact that Type II RN is a hidden node as RN does not transmit CRS and that a UE chooses its serving sector based on the CRS from eNB. Figure 7 further illustrates the scenario. In Figure 7, the blue UE (the blue cross) belongs to Sector 1 and is served by the nearby RN. The pink UE (the pink cross), although in the geographical area of Sector 1, belongs to Sector 9 and is served by the eNB of Sector 9. Pink UE transmits at a high power. Since pink UE is very close to the blue UE’s serving RN, it creates significant interference for the RN to decode blue UE’s signal. Therefore, interference coordination among neighbouring sectors is needed for Type II relay. 
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Figure 6 SINR performance of Type II UL transmission (Scheme 1), Case 3
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Figure 7 interference issue on UL
Figure 8 shows the UE transmit power saving per RB with relay for all UEs as well as for UEs associated with RN. In the simulation, the transmit power of a RN-served UE is doubled to take account of the fact that most likely the RN-served UE needs two transmissions for eNB to receive the packet. From the figure we observe that there is an average 10dB power saving for UEs associated with RN.     
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Figure 8 UE transmit power saving per RB of Type II UL transmission (Scheme 1), Case 3

Our simulation shows that the SINR performance of Scheme 2 is about the same as that of Scheme 1 in Figure 6. Compared to Scheme 1, although the interference in Scheme 2 is reduced due to UE not participating retransmissions, the amount of reduction is negligible due to the low transmit power of RN-served UE. Compared to Scheme 1, the transmit power of RN-served UE could have an additional 3dB saving in Scheme 2 as UE participates initial transmission only. 
5. Conclusions
In this paper, we discussed various DL/UL transmission options regarding the type-II relays. On the DL, the type-II relay can assist both the initial transmissions and retransmissions or it can only assist the retransmissions. On the UL, the type-II relay has more flexibility for the transmission assistance.  Initial simulation results show that the Type-II relay can help to improve the SINR performance and reduce the UE’s battery consumption.    
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Appendix
Table 1: simulation parameters

	Parameter
	Assumption/Value

	Cellular layout
	Hexagonal grid, 19 macro eNB, 3 sectors per cell, wrapped‑around

	Relay layout
	2 RNs per sector at 2/3 of cell radius  

	Inter-site distance (ISD)
	1732 m (Case 3)

	Distance-dependent path loss for eNB(UE
	L = 128.1 + 37.6log10(R), R in kilometers

	Distance-dependent path loss for RN(UE
	L=Prob(R) PLLOS(R)+[1-Prob(R)]PLNLOS(R)  For 2GHz, R in km Where,
PLLOS(R)=103.8+20.9log10(R)
PLNLOS(R)=145.4+37.5log10(R)
Case 3: Prob(R)=0.5-min(0.5,3exp(-0.3/R))+min(0.5, 3exp(-R/0.095))


	Distance-dependent path loss for eNB->relay
	L=Prob(R)PLLOS(R)+ [1-Prob(R)]PLNLOS(R), R in km

PLLOS(R)=100.7+23.5log10(R)

PLNLOS(R)= 125.2+36.3log10(R)

Case 3: Prob(R)=exp(-(R-0.01)/1.0)

	Shadowing standard deviation
	10dB (RN to UE);    8dB (eNB to UE), 6dB (eNB to RN)

	Shadowing correlation
	0.5 between sites (including eNB and RN); 1 between sectors per site

	Penetration loss 
	20dB from eNB to UE, 20dB from RN to UE, 0dB from eNB to RN

	Antenna pattern for macro eNBs to UEs (horizontal)


	
[image: image12.wmf](

)

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

=

m

dB

A

A

,

12

min

2

3

q

q

q



[image: image13.wmf]dB

3

q

 = 70 degrees, Am = 25 dB  (70 degree horizontal beamwidth)

	Antenna pattern for macro eNBs to UEs (vertical)
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	Combining method in 3D antenna pattern
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	Antenna pattern for relays to UEs (horizontal)


	0dB for all directions

	Carrier frequency 
	2GHz

	Bandwidth
	10MHz

	Minimum distance between UE and eNB/RN
	35m between UE and eNB, 10m between UE and RN

	Tx power
	46dBm for eNB, 30dBm for RN

	BS antenna gain (incl. cable loss)
	14dBi

	Relay antenna gain (incl. cable loss)
	5dBi

	UE antenna gain
	0dBi

	UE noise figure
	9dB

	eNB noise figure 
	5dB

	Fast fading
	disabled
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eNB sends scheduling information and the TB(s) to the UE(s) during the kth sub-frame. The RN monitors this information. 







UE sends NACK back to the eNB. The Relay monitors the ACK/NACK transmission from the UE.  















eNB & RN re-send TBS(s) to the UE according to the schedule. RN assists the retransmissions from the eNB. 











eNB sends the scheduled retransmission information to the RN in advance. This step may be skipped in the case of non-adaptive synchronous retransmissions.  
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RN retransmits the data received from the UE or an ACK/NACK indication to the eNB.











In case of NACK, both the RN and UE transmit the data to the eNB synchronously















eNB sends ACK/ NACK to the RN and the UE











Initial transmission of data from the UE is received by RN and probably also by the eNB











UL grant info for the UE is sent to the UE. The RN monitors the information.  
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eNB sends scheduling information and the TB(s) for the UE(s) to the RN during the kth sub-frame







eNB & RN send TB(s) to the UE during the k+Mth sub-frame, i.e according to the planned scheduling. 







UE sends ACK/ NACK in the jth UL sub-frame. Both RN and eNB may receive ACK/ NACK.











eNB & RN re-send TBS(s) to the UE according to the schedule. 











eNB sends the scheduled retransmission information to the RN in advance. This step may be skipped in the case of non-adaptive synchronous retransmissions.  
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