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1 Introduction

In [1], the following guidance on considering a feature has been provided:
“The “Initial access-related” and “Forwards compatibility” related issues seem to be clear reasons to make functionality or parameter configurations mandatory in 3GPP specifications.”
1) Initial Access-related: If X is not supported, then initial access may have interoperability issues on day 1
2) Forward compatibility-related: If X is not supported then, even though it is not a problem on day 1, it may not be feasible to operate X later on due to legacy devices not supporting X, causing:

a) lack of compatibility between initial and later deployment configurations, or 

b) severe system level performance degradation or restriction in later deployment configurations 
(i.e. the gains expected from X cannot be achieved due to lack of legacy device support)
In this contribution, we discuss some of the features that relate to RRM and RLM for NR. 

2 Discussion 
The following lists the features on CSI-RS and SS/PBCH block for RRM and RLM purposes for NR:

· CSI-RS based RRM measurement 

· CSI-RS based RLM

· RLM based on a mix of SS block and CSI-RS signals

· SCell without SS/PBCH block

· CSI-RS based contention free RA for HO

In our view, all of the above features are essential and should be mandatory for the purposed of initial access and forward compatibility. In the following, we share our views on the corresponding reasons. 
2.1 CSI-RS based RRM/RLM measurements

SS-RSRP and SS-RSRQ can be quite inaccurate due to a limited SSB bandwidth of 20 PRBs, large SS burst set periodicity of up to 160 ms, and a large beam width. Our simulation result in Fig. 1 confirms that SS burst set periodicity of 80/160ms do not meet the RSRP accuracy of within [-4.5, 4.5] dB for 95% of samples. 
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Figure 1: SS burst set periodicity =20/40/80ms @30 GHz/CDL-C
Comparatively, CSI-RSRP and CSI-RSRQ provide improved accuracy than its SS-RSRP and SS-RSRQ counterparts due to its more frequent CSI-RS transmission with at most 40 ms periodicity, configurable CSI-RS bandwidth of up to 268 PRBs [2], and narrower beams. Our simulation result in Fig. 2 shows that CSI-RSRP can meet the required accuracy of [-4.5, 4.5] dB for nearly 98% of samples.
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Figure 2: SS burst set periodicity =20ms vs CSI-RS BW: 80MHz and 1/12 RE density, @30 GHz/CDL-C  

In an SFN deployment, the SSBs from different TRPs in a target NR Cell are transmitted in SFN. Thus, there is no effective means for the UE to differentiate transmitted SSB beams from different TRPs. In such a case, after hand-over, network needs to configure UE-specific TRP(s) for data communication based only on Msg 1 reception if CSI-RS for L3 mobility is not supported. This can cause both:
· lack of compatibility between initial and later deployment configurations, or 

· severe system level performance degradation or restriction in later deployment configurations
However, if CSI-RS for L3 mobility is supported, network can immediately establish UE-specific TRP(s)  for data communication based on CSI-RS for L3 mobility that is already configured in the handover command. Such a configured CSI-RS can be associated with dedicated PRACH preambles. 

With similar issues, the computed hypothetical PDCCH BLER for RLM based on SSB can be inaccurate and to avoid a severe system level performance degradation, CSI-RS should be supported as a mandatory feature to calculate hypothetical PDCCH BLER. In addition, network can have the flexibility to configure UE to perform RLM based on SS blocks and CSI-RS from different TRPs simultaneously. RLM based on a mix of SS block and CSI-RS signals should be also supported as a mandatory feature.
2.2 SCell without SS/PBCH block

The RE overhead of SSB in NR may be larger than that of SS and PBCH in LTE. For example in the following configuration in Table 1, the RE overhead of SSB in NR is 3 times to that of SS and PBCH in LTE. Considering the RE overhead issues, SCell without SS/PBCH block should have mandatory support.

Table 1: comparison of RE overhead of SS/PBCH in NR and LTE

	NR
	LTE

	BW=20MHz with 106RBs 
SCS =15kHz

For below 6GHz, multiple SS/PBCH blocks will be transmitted in 5ms window 
L=4 SS/PBCH blocks transmitted in 5ms window

Set the period of SS/PBCH block to be 20ms (default value)

Consider slot format as DDDSU with 10 DL symbols in S-slot
One SSB occupies:

 20RB*4OS*12RE/RB/OS=960REs
	Both PSS and SSS occupy 72RE with 5ms period, PBCH occupies 288RE with 10ms period
same slot format DDDSU as NR

	RE overhead is :

 (960*4)/[(106*12*14*3+106*12*10)*4]=1.45%
	RE overhead is :

 (72+72+288/2)/(100*12*14*3+100*12*10) =0.46%


For RRM, UE will rely on CSI-RS to perform RRM on BWP without SSB. Otherwise UE need to use measurement gap and data transmission will be interrupted. For RLM, as UE is not required to monitor the downlink radio link quality in DL BWPs other than the active DL BWP on the PSCell, UE must only monitor CSI-RS for RLM on BWP without SSB.
2.3 CSI-RS based contention free HO RACH
Cell-specific SSB beams are intrinsically quite wide to cover the whole NR Cell. Relying on detected SSB direction to transmit Msg2 in contention-free HO RACH procedure can be quite inefficient and may cause HO failure and trigger RACH procedure repetition. This, in turns, can result in a severe system level performance degradation especially in large NR Cells supporting potentially thousands of UEs. To avoid this problem in contention-free RACH procedure for HO, Msg2 should be sent based on a narrow UE-specific CSI-RS beam direction. One may argue that the association between Msg2 in contention-free HO RACH and UE-specific CSI-RS may not be an essential feature in an early stage deployment of NR. However, we believe that such an association should be supported from Rel. 15 to avoid lack of compatibility between initial and later deployment configurations. 
3 Conclusions

In this contribution, we have provided our views and justified the necessity of both CSI-RS and SS/PBCH blocks based RRM and RLM for NR in Rel-15. 
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